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As blackberry production in the southeastern United States expands, the need for updated 
cultural practices, like alternative trellis systems that enhance blackberry fruit yield, fruit quality, 
and economic viability for fresh-market growers are needed. There are challenges to producing 
high-quality blackberry fruit with high yields in the Southeast due to intense heat, high rainfall, 
humidity, and heavy pest pressure. Southeastern growers are interested in the rotating cross-arm 
(RCA) trellis due to its potential to increase yield and fruit quality, however there is minimal 
research of its use in blackberry production in the Southeast. In 2019 and 2020, a trial was 
conducted at the University of Arkansas System Division of Agriculture (UA System) Fruit 
Research Station in Clarksville, AR to compare how the RCA trellis and a standard T-trellis 
impacted blackberry floricane cane morphology, floricane and primocane yield performance, 
pest damage to fruit and fruit quality of three blackberry cultivars (Osage, Ouachita, Prime-Ark® 
Traveler). The RCA had potential to increase floricane basal (proximal) cane length, and in some 
cases floricane node, and berry numbers of the cultivars evaluated compared to when they are 
grown on the T-trellis. Yield impacts varied by cultivar, but average berry weight was higher on 
the RCA for both floricane and primocane crops in both years. Floricane yield per plant was 
consistently higher for ‘Ouachita’ on the RCA compared to the T-trellis. Floricane crop yield per 
row meter (yield per m) was similar across trellis systems for ‘Ouachita’, but lower for ‘Prime-
Ark® Traveler’ grown on the RCA compared to the T-trellis. Similar or lower yields per m 
between the two trellis systems are likely due to reduced plant canopy of plants per m row on the 
RCA due to disease that reduced main and lateral cane growth. Important trellising impacts on 
pest pressure and fruit quality were observed, including lower fruit infestation rates by spotted 
 
 
wing drosophila (SWD) (Drosophila suzukii) in both years, and lower rates of fruit weight loss, 
decay and red drupe reversion in some years on the RCA compared to the T-trellis.  
Primocane yield of ‘Prime-Ark® Traveler’ varied for both years due to timing of summer 
soft-tipping, differences in flower bloom time and plant age, higher levels of hail damage, and 
disease. The RCA improved some post-harvest physical attributes (berry length, width, and 
weight) of primocane berries. The primocane training on the short-arm allowed on berries facing 
the south side of the RCA trellis, where the berries were highly exposed to direct sunlight on the 
south side of the trellis which in some years led to higher incidences of white drupe.  
Overall, our results demonstrate that southeastern blackberry growers may benefit from 
using the RCA for increased yields per plant for ‘Ouachita’, reduced SWD infestation rates for 
all cultivars and improved floricane berry size, and weights. If blackberry canopy coverage on 
the RCA can be optimized, possibly through closer plant spacing, the benefits of this trellising 
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CHAPTER 1: Literature Review  
Blackberry Origin and Market 
Whether it is for a cobbler, ice cream topping, jelly, or eating fresh from the plant, 
blackberries (Rubus subgenus Rubus Watson) have become a top specialty crop that can be 
found globally and in markets year-round (Hummer, 2017). Blackberries are native to Europe 
and North America but are also widely found growing wild in temperate regions all over the 
world including some areas of Asia and South America (Hummer, 2017). Blackberry 
cultivation began over 2,000 years ago by Europeans, and the first known cultivated 
blackberry (R. laciniatus) was first mentioned in 1691 (Jennings, 1988).  
From 1995 to 2005, there has been a 45% increase in hectares of global commercial 
and organic blackberry production (Hummer, 2017; Strik et al., 2007). The increased 
awareness of potential health benefits of blackberries, increased globalization, and faster 
refrigerated transportation are factors responsible for the growing blackberry market (Safley, 
2009). Blackberry production in the Southeast has been a growing part of the United States 
market for the past decade (Fernandez et al., 2016a). According to the National Agricultural 
Statistics Service (NASS), the total blackberry acreage in the United States was 2,549 ha 
harvested in 2017. In 2013, Oregon was ranked first for highest number of hectares of 
blackberry production (300 ha), California ranked second (280 ha), Texas ranked third (270 
ha), Arkansas ranked fourth (240 ha), and North Carolina ranked fifth (180 ha) (Takeda et 
al., 2013). Arkansas’ acreage has since lagged as other southern states across the Southeast, 
including Georgia, North Carolina, and Texas, have expanded acreage for retail-market sales 




Blackberry Morphology and Physiology 
Blackberries are a crown-forming perennial that produce above-ground stems called 
canes that are typically biennial (produce flowers and fruit then die in the second year) 
(Hummer, 2017). Cultivated blackberries vary in cane morphology and can be trailing, semi-
erect, and erect (Finn and Clark, 2017). Trailing cultivars have canes that are typically 
flexible and grow along the ground, while erect cultivars have stiff, self-supporting main 
canes (Strik, 2017), and semi-erect cultivars have canes that are self-supporting and grow 
vertical but may arch towards the ground while maturing (Strik, 2017). All of these cane 
types can be either ‘thorned’ or ‘thornless’ (Finn and Clark, 2017). 
 First-year blackberry canes are called primocanes and have compound leaves with 
five leaflets, and generally remain vegetative (Strik, 2017). Main primocanes are usually 
pruned or ‘soft-tipped’ during the first growing season to remove apical dominance and 
induce lateral branching (Strik, 2017; Thompson et al., 2007). In the second year, the canes 
are called floricanes and each fruiting lateral branch will have compound leaves containing 
three leaflets that will produce inflorescences (flower cluster) at each node (Strik, 2017). A 
node is where the leaf petiole is attached on a main shoot or cane and is where the fruit and 
leaf buds are located; node numbers and complexity ultimately determine the yield or 
fruitfulness of the plant (Gao et al., 2017; Thompson et al., 2007). Blackberry buds will break 
during spring to produce one shoot with five to more than forty flowers depending on the 
cultivar or production system (Takeda, 1987; Thompson et al., 2007). Floricane lateral length 
and fruitfulness and can also be influenced by position on the main floricane and by applied 
nitrogen fertilization rate (Strik, 2017).  
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The term caneberry refers to blackberries and raspberries. Caneberries can be annual 
primocane-fruiting or floricane-fruiting (Strik, 2017). Primocane-fruiting cultivars will form 
floral buds during mid-season and produce fruit the first year of growth, mainly at the tips of 
the main primocane or the primocane fruiting laterals, while floricane-fruiting cultivars will 
produce fruit on the second year of growth (Strik, 2017). Floricane-fruiting cultivars vary in 
bud-development and flowering time that are influenced by chilling hours during 
endodormancy, seasonal variations, location, and temperature across regions (Takeda, 2017; 
Thomas and Vince-Prue, 1997). 
All blackberry cultivars require cold temperatures to satisfy their chilling hour 
requirements prior to bud break in the spring, however extreme low temperatures can kill 
canes and flower buds (Warmund et al., 2008). Canes of eastern thornless cultivars can 
withstand low temperatures to -21 °C (Bushway et al., 2008; Kraut et al., 1986), trailing 
cultivars have a low temperature limit of -11 °C (Crandall, 1995), and temperatures ≤ -3 °C 
during the spring season bloom stage can damage blooms and growing buds (Takeda and 
Glenn, 2016; Warmund et al., 2008). 
 
Blackberry Cultivars  
Fruit breeding programs, public and private, continue to seek new blackberry traits to 
meet increasing market and consumer demands. New cultivar characteristics released from 
blackberry breeding programs include enhanced berry quality (color and firmness), flavor, 
and better shipping qualities (Clark, 2005; Clark and Finn, 2008; Lewers et al., 2010). 
Aromatic flavor and aroma play a key role in the ‘taste’ of blackberries and evaluation of the 
physiochemical and sensory attributes of fresh fruit is an important tool that can be used to 
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determine commercial potential for selections and cultivars for market production (Threlfall 
et al., 2016).  
The University of Arkansas System Division of Agriculture (UA System) fruit 
breeding program breeds blackberry cultivars suited for the southeastern United States but 
has also released many cultivars that are grown worldwide (Fernandez et al., 2016b). 
Blackberry cultivars grown in the Eastern and Midwestern United States are typically erect 
and semi-erect floricane cultivars that have improved winter hardiness and shipping qualities 
(Finn and Clark, 2017), and trailing cultivars grown on trellis systems in the Northwest are 
often grown for fresh-market and processed production mainly for frozen bulk, puree, or 
juices (Strik, 2015). Blackberry cultivar performance varies by region, where in the 
Southeast erect types of eastern origin yield well and have greater post-harvest storage 
potential than western trailing types (Finn and Clark, 2017). Common floricane-fruiting 
blackberry cultivars grown in the southeastern United States include ‘Arapaho’, ‘Natchez’, 
‘Ouachita’, ‘Osage’, ‘Apache’, ‘Kiowa’, ‘Navaho’, ‘Von’, ‘Hull’, ‘Chester’, and ‘Triple 
Crown’ (Fernandez et al., 2016b). The UA System was the first to release primocane-fruiting 
cultivars (Clark and Finn, 2008). In moderate summer climates such as California and 
Mexico, primocane-fruiting cultivars released from the UA System can extend the blackberry 
production season into early autumn, allowing those regions to have enhanced production 
(Finn and Clark, 2017). Common primocane-fruiting cultivars grown in the southeastern 
United States include ‘Prime-Jan®’, ‘Prime-Jim®’, ‘Prime-Ark® Traveler’, ‘Prime-Ark® 
Freedom’, and ‘Prime-Ark® 45’ (Fernandez et al., 2016b). High summertime temperatures in 
the Southeast can limit primocane-fruiting blackberry production compared to floricane-
fruiting cultivars due to fluctuations in high temperatures during flowering of primocane-
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fruiting types (Stanton et al., 2007). The following three UA System blackberry cultivars are 
used in the study of the rotating cross-arm trellis and a T-trellis that will be discussed in later 
chapters: 
 ‘Osage’ is an erect, thornless floricane-fruiting cultivar released from the University 
of Arkansas in 2012 (Clark, 2013). Similar to ‘Ouachita’, ‘Osage’ berries are sweet, round, 
and firm suitable for eastern United States local fresh-market shipping (Clark, 2013; Finn and 
Clark, 2017).    
‘Ouachita’ is an erect, thornless floricane-fruiting cultivar released from the 
University of Arkansas in 2006 (Clark and Moore, 2005; Finn and Clark, 2017). ‘Ouachita’ 
produces firm, blocky-shaped fruit for wholesale and local fresh-market shipping in the 
eastern United States (Clark and Moore, 2005; Finn and Clark, 2017). Although ‘Ouachita’ is 
not adaptable to low chill environments, and it has been observed to have minimal white 
drupe (Clark and Moore, 2005; Finn and Clark, 2017; Strik et al., 2017).  
‘Prime-Ark® Traveler’ is an erect, thornless primocane-fruiting cultivar released in 
2014 and the fifth primocane-fruiting cultivar from the University of Arkansas (Clark and 
Salgado, 2016; Finn and Clark, 2017). This cultivar was the world’s first thornless 
commercial primocane-fruiting blackberry that has high yielding, sweet and firm berries used 
for wholesale and local fresh-market shipping in the eastern United States (Clark and 
Salgado, 2016; Finn and Clark, 2017; Strik et al., 2017).   
 
Blackberry Production and Trellising 
Yield and fruit quality in blackberry production are determined by geographic 
location, cultivar, and cultural management practices including trellising and pruning (Strik 
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et al., 2017). Trellising improves fruit quality, minimizes harvest labor, and maximizes sun 
exposure, and air flow. Different trellis techniques can result in higher fruit yield and better 
fruit quality compared to blackberry plants that are not trellised or improperly trellised. 
Trellis systems impact yield by influencing the growth of main or lateral canes and by 
improving light penetration into canopies (Goulart and Demchak, 1993; Takeda et al., 
2003a). Research conducted by Vanden Heuvel et al. (2000) found improved yield of red 
raspberries grown on a V-trellis compared to those grown in hedgerows. In comparison to 
other systems, the I-post trellis resulted in low fruit yield for eastern thornless blackberries 
due to the higher density canopies that limit air circulation and light penetration which can 
promote disease and limit yield (Fernandez et al., 2016c; Strik et al., 2017). Trellis systems 
also provides structure by keeping main canes and lateral branches off the ground for easier 
weed management and keeps fruit out of the soil (Krewer et al., 2006). The cane and fruit 
support that is provided by trellising is especially important for trailing and semi-erect 
blackberry cultivars. Erect blackberry cultivars are sturdy and can be self-supporting, but 
growers still use trellis systems for erect cultivars in most commercial production in the 
United States southern regions for the benefits previously mentioned (Fernandez et al., 
2016c; Takeda, 2017).  
The T-trellis and V-trellises are common trellis systems used by berry growers 
because they are simple to build and improve sun exposure to the plant (Strik et al., 2017). 
These trellis systems require sturdy, metal T-posts with two to three wires for training main 
canes off the ground (Strik et al., 2017). The T-trellis is a simple trellis design (Figure 1), 
requiring metal or wooden posts that should be 10 cm or more in diameter at the ends of the 
rows with additional posts spaced 6-10 m apart within the row (Strik et al., 2017). On a T-
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trellis, primocanes and floricanes can be separated to each side of the row to increase air flow 
and sunlight exposure throughout the plant (Fernandez et al., 2016c). Primocanes on a T-
trellis are trained vertically and divided into two canopy sections, making a “V”. Flower 
shoots and fruiting clusters are produced on both sides of the canopy sections. 
 Blackberry cane management practices such as pruning that enhance bud number, 
lateral number, and in some cases lateral cane length have the potential to impact yield and 
berry size (Takeda, 2002). Standard training methods on trellis systems combined with 
primocane tipping, are methods to enhance blackberry shoot growth and lateral cane number 
(Himelrick et al., 2001). Southeastern blackberry production systems rely on standard 
pruning and training strategies for erect, semi-erect, trailing, and primocane-fruiting cultivars 
(Fernandez et al., 2016d).  
There are three types of pruning methods recommended throughout the year for erect 
cultivars: (1) removing the tips of new primocanes with fingers (‘soft-tipping’) or with 
pruners at a height of 0.9 to 1.2 m, or 0.2 to 0.3 m above the top wire of a V- or T-trellis if 
used, to induce lateral branching in the summer, (2) removing dead floricanes with loppers or 
pruners after summer harvest, and (3) pruning lateral branches 30 to 45 cm in length during 
the dormant season (Fernandez et al., 2016d; Krewer et al., 1987; Moore and Skirvin, 1990; 
Poling, 1988; Rutledge, 1987). When removing dead floricanes, it is recommended to leave 
six to eight healthy canes spaced per linear meter (0.91 m) (Fernandez et al., 2016d). For 
semi-erect and trailing cultivars, new primocanes should be tied to a trellis with soft string or 
plastic tie to support vertical cane growth as well as maintain weed control. Semi-erect and 
trailing cultivars tend to produce many new primocane shoots, and it is recommended to tie 
them loosely together up the trellis as they mature, then they can be separated once they 
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reach the top trellis wire where the lateral branches of the floricanes should be pruned to 0.25 
m to 0.3 m in length right before budbreak occurs in the second year.  
Primocane-fruiting cultivars can be managed in two ways in the Southeast. One way 
is to soft-tip 0.05 m of the new primocane tips at 0.91 m in height and continue doing this 
process throughout the summer as new primocanes emerge (Fernandez et al., 2016d). The 
second way is to follow the floricane-fruiting pruning management of the biennial system. 
The first crop will be floricane production in the summer, and the second crop will be 
primocane production in the late summer or early fall, but in the winter the last years 
primocanes are pruned right below where the fruit stopped producing in the fall (Fernandez 
et al., 2016d).  
Fresh-market and commercial production systems commonly use drip irrigation 
methods, while mulching, and the use of black, woven polyethylene weed mats and black 
fabric are used for weed and soil temperature control in various commercial and organic 
systems (Strik, 2015; Strik and Finn, 2012; Strik et al., 2016). Plant and row spacing can vary 
depending on trellis training methods and plant type or cultivar, but it is always 
recommended to have 3-3.7 m between each row for farm equipment or tractors (Fernandez 
et al., 2016e). The spacing between plants can also vary depending on cultivar. Erect 
blackberries have recommended spacing of 0.6-1.2 m apart, while semi-erect and trailing 
cultivars having recommended spacing of 1.2-2.4 m apart to allow proper primocane growth 
and space fill between plants (Fernandez et al., 2016e). Blackberries cultivated for United 
States southern regions have fewer main canes than northern United States cultivars, which is 




Blackberry Production in the Southeast United States 
Temperature, light, and humidity are common abiotic factors that can promote stress 
to a blackberry plant and reduce fruit quality and yield (Takeda, 2017). For these reasons, 
blackberry production in the southeastern United States can be difficult due to climatic 
conditions and high pest pressure. During the harvest season in the Southeast, heavy rainfall, 
high heat and sun exposure can reduce fruit quality and favor disease. Examples of common 
fruit quality disorders observed in the Southeast include white drupe, red drupe reversion, 
anthracnose, and insect damage. Published research on the cause of white drupe disorder 
(black drupelets turn white) in blackberries is limited, but white drupelets are believed to be a 
result of genetic disorders of certain cultivars, or related to a decrease in humidity, increase 
in temperatures, or increased ultraviolet (UV) light exposure (McWhirt, 2017; Stafne et al., 
2017; Takeda et al., 2013). In 2010, the Southeast United States experienced a 30% loss in 
fresh-market ‘Apache’ blackberry production due to sunburn injury and white drupe from 
improper trellising (Takeda et al., 2013). In addition, red drupe reversion of blackberries 
(black drupelets turn red after harvest) is believed to be caused by post-harvest damage, 
quick temperature changes after harvest or in storage, or high nitrogen applications (Edgley 
et al., 2018). These factors lead to changes in anthocyanin pigments in these drupelets which 
results in the color change (Edgley et al., 2018). The red color of drupelets on the blackberry 
can be perceived by consumers as “under-ripe” and reduces the marketability of the fruit 
(Threlfall et al., 2020 “in press”). 
Depending on trellis system, pruning methods and spacing of caneberry plants, the 
microclimate within caneberry canopies can have an impact on light penetration for 
photosynthetic activity and air movement through foliage. Blackberry disease pathogens are 
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common in rainy and humid regions, such as the Southeast (Schilder et al., 2017). Without 
appropriate training and pruning, the blackberry canopy microclimate can favor the spread of 
disease and if not treated, diseases in blackberries will affect the quality and quantity of fruit 
as well as the longevity of the planting (Schilder et al., 2017). Common blackberry diseases 
include anthracnose (Elsinoë veneta), cane blight (Leptosphaeria coniothyrium), orange rust 
(Gymnoconia peckiana), and blackberry rust (Kuehneola uredinis) that all can ultimately 
cause poor yield in a blackberry plant (Schilder et al., 2017). One of the most common fungal 
diseases in the Southeast is anthracnose (Elsinoë veneta) which affects both the canes and 
fruit of the blackberry plant leading to defoliation and berry drupelets turning brown and 
crumbly (Sanders and Kirkpatrick, 2008). Anthracnose fungal spores favor wet, warm 
conditions with minimal air circulation (Sanders and Kirkpatrick, 2008; Schilder et al., 
2017). Fire blight (Erwinia amylovora) and spur blight (Didymella applanata) are also 
diseases that can be found in the Southeast, where rain, heat, and humidity influence the 
development of these diseases (Becker and Gauthier, 2017; Schilder, 2007). Fire blight can 
spread through hands, cutting tools, wind, rain, and insects (Schilder, 2007; Strickland, 
2014). Some common symptoms of fire blight include death and curling of distal portions of 
canes causing a “shepherd’s crook” (Schilder, 2007). Dense canopies and overgrowth of 
blackberry plants can limit air circulation and promote leaf wetness which contributes to 
anthracnose fungal spore germination (Schilder et al., 2017). Dry conditions and well pruned 
blackberry plants can limit fungal spore activity due to reduced leaf wetness and improved 
air flow throughout the canopy (Sanders and Kirkpatrick, 2008). Applications of liquid lime 
sulfur before bud break can decrease the incidence of anthracnose, and reduced nitrogen 
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fertilizer rates can minimize plant overgrowth (Salgado and Clark, 2016; Sanders and 
Kirkpatrick, 2008).   
Spotted wing drosophila (SWD) (Drosophila suzukii) (Holle et al., 2017) is one of the 
most common insect pests in North America that infest ripening fruit and cause great 
economic losses in blackberry production (Farnsworth et al., 2017; Walsh et al., 2011). In the 
southeastern United States, heavy rainfall and high humidity create a favorable environment 
for SWD, along with dense and shaded caneberry canopies (Diepenbrock and Burrack, 
2017). SWD, however, will have low populations when temperatures exceed 21.1 °C 
(Demchak, 2016). SWD target small-fruit crops with thin skin such as raspberries, 
strawberries, grapes, and blackberries (Holle et al., 2017). Female SWD have serrated 
ovipositors that pierce soft berries and lay eggs in the fruit so the larvae develop inside the 
fruit, causing rapid fruit decay and making the berries unmarketable (Lee et al., 2011). SWD 
tend to have higher population density in midsummer during peak blackberry season. In 
addition, Diepenbrock and Burrack (2017) found that SWD populations tend find refuge in 
the more dense and humid section of blackberry canopies and concluded that the higher 
humidity within the canopies can create an ideal habitat for SWD compared to canopy 
sections that are more exposed. Most southeastern growers use labeled insecticides to control 
SWD which can reduce rates of SWD fruit infestation in Arkansas (Johnson et al., 2016; 
Salgado and Clark, 2016). Modifications of the microclimate around the crop, such as 
screened high tunnels, can also be effective in managing SWD in organic, small-scale berry 
farms, however in Arkansas, high heat may limit the use of high-tunnel systems (Rogers et 
al., 2016; Rom et al., 2014). With these limitations, organic berry growers primarily rely on 
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National Organic Program (NOP) compliant insecticides for SWD population control (Isaacs 
and Grieshop, 2018).   
Dense blackberry canopy microclimates are also a preferable environment for stink 
bugs (Rolston et al., 1961). There are multiple species of stink bug including the green stink 
bug (Chinavia hilaris) and the brown marmorated stink bug (BMSB) (Halyomorpha halys), 
which may be found in Arkansas (Poplin et al., 2014). The BMSB stink bug originates from 
Asia and has been found in 44 states including Arkansas (UA System Division of 
Agriculture, 2017). The BMSB stink bug along with other stink bug species have a sharp 
probiscus that can pierce soft-fleshed fruits, including blackberries, which leads to fruit decay 
(Leskey et al., 2012). 
 
Rotating Cross-Arm Trellis (RCA)  
In the early 1980’s, new trellising methods for blackberries were evaluated and 
developed by Herbert D. Stiles at the Southern Piedmont Agricultural Research and 
Extension Center at Virginia Tech. Stiles developed the Limited Arm-Rotation Shift (LARS) 
trellis to help prevent winter damage in blackberries as it could be laid on the ground and a 
row cover could be placed over it in winter (Krewer et al., 2006; Stiles, 1999; Takeda et al., 
2013). The design of the LARS trellis, shown in Figure 2, consisted of a single, long-arm that 
could hold floricanes and shift easily at a 70° angle for row cover application during pre-
bloom and post-bloom (Stiles, 1999). Although the LARS trellis rotated at a minimal 
bending angle and was designed to prevent floricane breakage of trailing cultivars, the LARS 
trellis become unpopular because of its poor performance with stiff, erect cultivars (Krewer 
et al., 2006; Stiles, 1999). Further, the LARS trellis did not have a primocane training 
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method, and modification was needed to manage annual primocane growth of erect and semi-
erect blackberries. The LARS trellis system was re-designed by Fumiomi Takeda and 
renamed the rotating cross-arm (RCA) trellis where the ‘rotating arm’ refers to how the long-
arm of the trellis can rotate the flowering canopy parallel to the ground for row covering and 
frost protection. 
The RCA is unique in that the two arms move to rotate the plant canopy into different 
positions and allows for the canes of the blackberry plant to be trained into a single plane 
(Figure 3). The long-arm holds floricanes, and the short-arm holds primocane growth. The 
long-arm can be moved into three main positions throughout the year: winter, bloom, and 
fruiting. For the winter the position, the arms of the RCA can rotate easily to the ground 
while canes are still retained on them, and a row cover can be applied over the canes for 
freeze protection in the winter. For the bloom position, the arms are then rotated up slightly 
at a 90° angle from the ground during the spring for bud break (Takeda et al., 2013). This 
horizontal position (parallel with the ground) during the spring forces all buds to break 
upwards towards the sun facing side which results in all flowers and berries being forced to 
one side of the trellis row. Takeda and Rose (2015) found that greater than 95% of flower 
shoots on the lowered long-arm canopy develop upward in the spring when row covers are 
applied in the winter, resulting in easier berry harvest when the long-arm is rotated to 
harvesting position in the summer. Management and timing of rotating the long-arm in the 
spring is crucial to redirect the direction of buds as they break. In the Southeast, the long-arm 
of the RCA placed in the bloom position as soon as buds begin to swell and is left there until 
the bloom period is close to completion. For the fruiting position, the long-arm is lifted to a 
70°/250° position during mid-flowering to prepare for the harvest season (Takeda, 2017). 
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The rows of the trellis are positioned east and west so that when rotated to the harvest 
position fruit are on the north side of the row which limit the amount of direct sunlight to the 
fruit (Takeda, 2017). 
What makes the RCA unique is the style of training primocanes on the short-arm. In 
this system (Figure 4), three primocanes are bent at a 90° angle at the first short-arm wire and 
grown horizontally while laterals of the primocane are trained to grow vertically up the short-
arm section of the trellis (Strik et al., 2017; Takeda et al., 2013). Plants in the RCA are 
planted 1.52 m apart in the row to allow a longer primocane length, compared to spacing of 
0.75-1.0 m apart in the T-trellis (Takeda et al., 2013). Takeda et al. (2013) compared the 
RCA to the T-trellis and found that the lateral branches per primocane horizontally trained on 
the RCA trellis had more and longer lateral branches. Lateral branches on RCA trained 
primocanes had 25 m cane length per meter (yield per m) distance, whereas the T-trellis had 
10 m cane length per meter distance and have to be pruned to a manageable length (Takeda 
et al., 2013).  
Later, primocane growth is removed at the crown of the plant and only the original 
three primocanes are trained. Bending and training the three primocanes along the bottom 
wire is a daily process to maintain the horizontal growth direction of the primocanes which 
are tipped once they reach the next plant 1.52 m apart (Takeda et al., 2013). The tipped 
primocanes force lateral branch growth upward along the short-arm. The lateral branches are 
tied to the short-arm wires to secure that vertical growth. Once harvest season is over, those 
lateral branches are carefully transferred and tied to the long-arm while the current seasons 
dead floricanes are removed. The new canopy of lateral branches on the long-arm will be 




The RCA is currently used on 100 ha in the northeastern United States but is also 
becoming popular in the southeastern United States for the effect of shading on berries on the 
north side of the trellis that may improve fruit quality in hot environments (Figure 3) (Takeda 
et al., 2013). Ohio blackberry growers using the I-post trellis lost 100% of their crop in the 
winter of 2014 and 2015, whereas growers using the RCA trellis with row cover application 
lost only 5% of their crop (Strik et al., 2017). Although the RCA was originally designed for 
berry production in the Northern and Central United States to prevent winter damage, it also 
improves air circulation through the plant canopy, limits intense sunlight exposure to fruit, 
and makes harvesting faster and easier (Takeda et al., 2013).  
The Southeast is hot, humid, wet and a preferable environment for insects and 
diseases that can impact plant health and diminish fruit quality, however the single plane 
management style of primocane and floricane canopy separation and cane spacing on the 
trellis arms may reduce conditions that support insect and disease population growth due to 
improved air flow and spray penetration, shading and limiting direct sun exposure (McWhirt 
et al., 2019; Strik et al., 2017). These characteristics may help reduce sunscald injury, 
anthracnose, white drupe, and other factors that diminish blackberry fruit quality in the 
Southeast. 
Additionally, the RCA has the potential to increase yield, as the lowered position of 
the long-arm of the RCA exposes the upward facing buds to more sunlight and bud initiation 
in the fall is enhanced (Takeda et al., 2013). In a 1998-2000 study evaluating the RCA in 
West Virginia, ‘Chester Thornless’ had larger fruit size and higher secondary yield when the 
number of primocanes retained decreased from five to six primocanes to two to three 
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primocanes in the 2000 season (Takeda et al., 2003a). Takeda et al. (2003a) found that 
treatments with a higher number of retained primocanes did not increase yields, and that 
blackberry productivity was based on the number of lateral branches with fewer retained 
primocanes with increased light penetration. The results of the Takeda et al. (2003a) study 
suggest that different cane management techniques, such as the RCA, improved light 
penetration, and the manipulation of training fewer primocanes forces increased lateral 
growth for higher quality berries in eastern blackberry cultivars.  
A western trailing cultivar, ‘Siskiyou’, was studied on the RCA system at the 
Appalachian Fruit Research Center in West Virginia for horizontal cane orientation and row 
cover application in the 2008-2010 seasons (Takeda and Phillips, 2011). In this study, 
selected lateral canes were kept lowered to the ground and covered with non-woven row 
cover while other lateral canes were also lowered but not covered during the winter season 
(Takeda and Phillips, 2011). Other plots consisted of lateral canes rotated vertical with a row 
cover while the remaining plots with vertical canes had no row cover (Takeda and Phillips, 
2011). Takeda found that the trailing ‘Siskiyou’ lateral canes that were positioned horizontal 
to the ground with row cover had less winter injury, increased flower clusters, and increased 
fruit yield compared to the other lateral canes that were not covered or positioned vertically 
(Takeda and Phillips, 2011). Takeda concluded that trailing cultivars similar to ‘Siskiyou’ 
can be successfully grown on RCA trellising for lateral cane orientation and row cover 





One limitation of the RCA trellis is increased labor inputs to train primocanes along 
the lower wire of the RCA short-arm, which occurs from spring through the harvest season of 
July and August and may conflict with harvesting (Takeda et al., 2003a). Takeda (2003a) 
mentioned that primocane and lateral cane training is only possible during the harvest season 
if labor is not scarce, and that the cost of the additional labor must be compared with the 
market prices of fresh-market berry production when deciding to adopt the RCA (Harper, 
2002; Harper et al., 1999; Takeda et al., 2003a).  
The material cost of the RCA trellis is $3.00 per row meter compared to the cost of a 
standard T-trellis at $1.82 per row meter (Trellis Growing Systems, Fort Wayne, IN, personal 
communication). The cost of increased labor and the trellis cost for the RCA are factors a 
grower should consider relative to potential increases in yield or fruit quality. There are 
lower initial plant costs in the RCA system due to increased spacing between plants in the 
RCA (1.52 m apart).  
Erect caneberry cultivars grown on an RCA trellis may be more prone to breakage 
and injury when rotating the long-arm or during transfer of the laterals from the short-arm to 
the long-arm. Primocanes are flexible early in their growth stage during bending and training 
along the short-arm lower wire, but these primocanes become stiff over time and can become 
susceptible to breaking, especially at the point of the 90° bend to grow horizontal along 
short-arm wire. If not handled carefully, the primocanes and floricanes can break or crack 
which leaves open wounds that allow diseases to enter or may result in cane death. 
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Trellis and Pruning Impacts on Blackberry Yield  
Caneberry yield is determined by berry number and size which are influenced by the 
number of nodes that remain on the floricane laterals after pruning (Finn and Clark, 2017; 
Takeda and Rose, 2015). Lateral pruning methods in the summer or winter involve cutting 
back or shortening lateral branches to remove distal portions of laterals for enhanced fruit 
production the following year (Takeda and Rose, 2015). As lateral lengths and bud number 
decrease from pruning, percent budbreak and number of fruiting clusters/inflorescences will 
increase the following year (Takeda and Rose, 2015). 
Fruiting laterals are longer in length on the V-trellis compared to unstructured 
hedgerows, where light conditions increase vegetative growth on laterals that enhance 
carbohydrate levels that lead to higher yields on a V-trellis (Vanden Heuvel et al., 2000). The 
amount of light penetration for photosynthesis in hedgerows is limited because of the lack of 
structure of main canes, and the risk of disease increases due to competition for light and 
limited air flow in dense canopies (Vanden Heuvel et al., 2000).  
A pruning study on the cultivar Black Satin trained on a V-trellis showed that a 
higher number of lateral branches reduced yield because the yield per floricane was lower 
due to fewer inflorescences per lateral and fewer fruit per inflorescence (Takeda, 2002). 
Minimal pruning on an RCA trellis with twelve lateral branches per floricane showed no 
decrease in yield but did decrease inflorescence size and lateral number from secondary buds 
(Takeda, 2002). Compared to a V- or T-trellis, the RCA holds more laterals that are longer in 
length on the long-arm side of the trellis and may create excessive shading on the primocane 
axillary buds on the other side of the trellis (short-arm) that could prevent reproductive 
transitioning (Takeda et al., 2003b). Leaving the laterals unpruned above the top wire on the 
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RCA long-arm can increase yield, but Takeda and Rose (2015) concluded that increasing the 
number and lengths of laterals will actually decrease axillary bud development. This study 
suggested that specific cane training and pruning laterals to a reasonable length and number 
on different trellis systems influenced fruit maturity and harvest periods along with increased 
or decreased yield (Takeda, 2002).  
Increasing cane density can increase yield per m however yield response can decrease 
as cane densities increase in years after planting (Vanden Heuvel et al., 2000). Vanden 
Heuvel et al.’s study consisted of raspberry plants with cane densities of 9, 16, 23, and 30 
canes/m2 for hedgerows, V-trellis, and shift-trellis systems and found the shift-trellis 
produced lower yield which may have been caused by the low light levels on the nodes 
facing downward in the horizontal cane position in the spring. 
There is little published information that directly compare caneberry production on 
the RCA to other trellis designs, and generally information that does exist focuses on 
northern regions or raspberry which has little relevance to growers in the southeastern United 
States.  
 
2019-2020 Research Objectives 
This project aims to evaluate and compare the performance of three eastern erect 
blackberry cultivars (Osage, Ouachita, and Prime-Ark® Traveler) grown in the southeastern 
United States on a standard T-trellis and on the rotating cross-arm (RCA) trellis for 1) 
impacts on blackberry floricane cane morphology and yield, 2) floricane berry physical 
attributes and post-harvest fruit quality, and 3) primocane yield, berry physical attributes and 
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Fig 4: Horizontal-training method along short-arm trellis wire for new growth blackberry 










CHAPTER 2: Cane Morphology and Floricane Fruit Yield of Three Blackberry 
Cultivars Grown on a Rotating Cross-Arm and T-trellis 
Abstract 
Optimizing blackberry yield per plant or per row meter is dependent on management 
of lateral cane number, and lateral cane length which impact flower and berry numbers. 
Trellis and training system impact plant morphology and light penetration into the crop 
canopies which can impact yield and fruit size of blackberry fruit. One recent trellis 
innovation is the rotating cross-arm (RCA) trellis that has become an interest for growers in 
the Southeast due to its potential to impact yield and fruit quality. In 2019 and 2020, a trial 
was conducted at the University of Arkansas System Division of Agriculture (UA System) 
Fruit Research Station in Clarksville, AR to compare how the rotating cross-arm (RCA) 
trellis and T-trellis impact blackberry cane morphology and floricane yield of three 
blackberry cultivars (Osage, Ouachita, Prime-Ark® Traveler). Cane characteristics (main 
cane number, lateral cane number, cane length, diameter width, node, flower, and berry 
number), yield (marketable yield per plant, marketable yield per row meter (yield per m)), 
cull rates, and average berry weights were assessed. Results from the trial indicated that the 
RCA trellis can impact cane lengths, node numbers and berry counts per plant but that these 
results are variable across cultivar, year and are related to plant health. In 2019 and 2020, hail 
damage and confirmed fire blight and spur blight on RCA plants reduced cane lengths and 
impacted yield results. For all cultivars there were fewer main canes on the RCA compared 
to the T-trellis in both years. Blackberry plants on the RCA had longer proximal (basal) 
lateral cane lengths, compared to plants on the T-trellis. ‘Osage’ and ‘Ouachita’ had longer 
total lateral cane lengths on the RCA compared to the T-trellis in both years and had more 
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proximal and total nodes on the RCA compared to those cultivars grown on the T-trellis in 
2019. By contrast, measures of ‘Prime-Ark® Traveler’ cane lengths and node numbers were 
either not impacted by trellis or were lower on the RCA trellis compared to the T-trellis. In 
2019, proximal lateral flower numbers were similar between the T-trellis and RCA for 
‘Osage’ and ‘Ouachita’, but in 2020 both cultivars had more flowers on proximal laterals on 
the RCA compared to when they were grown on the T-trellis. Differences in proximal lateral 
flower number did not always lead to similar differences in proximal lateral berry numbers 
between the RCA and T-trellis for ‘Ouachita’ and ‘Osage’, and trellis did not impact 
proximal lateral berry number for ‘Prime-Ark® Traveler’. For ‘Ouachita’ marketable yield 
per plant was higher on the RCA than on the T-trellis in both years, and yield per m was 
higher on the RCA in 2019 compared to the T-trellis but was similar for both trellis 
treatments in 2020. Marketable yield per plant was higher on the RCA compared to the T-
trellis for ‘Osage’ in 2019, but was not different in 2020, and marketable yield per m was 
lower on the RCA compared to the T-trellis for ‘Osage’ in 2020. For ‘Prime-Ark® Traveler’ 
marketable yield per plant was similar for both trellis treatments in 2019, but lower on the 
RCA compared to the T-trellis in 2020 and yield per m was lower on the RCA compared to 
the T-trellis in both years. Percent cull was lower on the RCA trellis compared to the T-trellis 
for both ‘Osage’ and ‘Ouachita’ in 2019 and was lower on the RCA for all cultivars in 2020.  
Average berry weight of ‘Osage’ and ‘Ouachita’ was higher on the RCA compared to the T-
trellis for both years. These results demonstrate that training blackberries on a RCA trellis 
can impact cane length, and some measures of node, flower and berry counts and that these 
changes may contribute to increased yields per plant. These results can also be used to 
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develop better recommendations for plant spacing in order to optimize the RCA system yield 
per m.  
 
Introduction 
 The expansion of the blackberry market in the Southeast United States has been 
increasing throughout the past decade (Fernandez et al., 2016a), but southeastern blackberry 
growers struggle with high heat, humidity, and high pest pressure that can impact yield and 
ultimately lead to economic losses. In the past, growers have adopted trellising techniques to 
improve blackberry cane and pest management, and growers continue to seek out new trellis 
designs that will enhance blackberry yield and fruit quality without high labor costs. 
Trellising can result in higher fruit yield compared to blackberry plants that are not trellised 
properly or not trellised. Trellising forces blackberry cane growth into a specific position to 
minimize harvest labor and maximize plant vigor, sun exposure, improve air flow, and to 
keep plants off the ground (Vanden Heuvel et al., 2000).  
The T-trellis and V-trellises are common trellis systems used by berry growers 
because they are simple to construct and improve sun exposure (Strik et al., 2017). Simple, 
main cane manipulation on these common trellis systems, as well as primocane tipping, are 
ways to remove main cane apical dominance and enhance shoot growth and number of lateral 
branches (Himelrick et al., 2001). On a T-trellis, primocanes (first year canes) are separated 
to two sides of the trellis making a “V”. The following year, they will become floricanes 
(second year canes) and new growth primocanes will grow vertically up the center.  
The rotating ross-arm (RCA) trellis is a type of shift-trellis, where there are two 
moveable arms (a long-arm and a short-arm) with training wires to hold blackberry canes. On 
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the RCA the floricanes and primocanes are separated, where the floricanes are trained to the 
long-arm and the new growth primocanes are trained to grow horizontally along the short-
arm training wires. The long-arm can rotate blackberry canes down to the ground in the 
winter (for row cover application) and in a horizontal position during the spring. In the 
horizontal position in spring, buds breaking will have their shoot growth redirected upward 
toward the sun which will position all flowers, and ultimately berries on one side of the 
trellis. Typically, the trellis is oriented so that all fruit will be positioned specifically on the 
north side of the trellis. Greater than 95% of flower shoots on the lowered RCA long-arm 
canopy develop upward in the spring, resulting in easier berry harvest when the long-arm is 
rotated to the harvest position in the summer (Takeda and Rose, 2015). Cane manipulation of 
the RCA is more complex compared to the T- or V-trellis, but it is manipulation of lateral 
length and number have been shown to or increase yield (Takeda et al., 2013).   
Caneberry yield is determined by the number of fruit and the size of fruit which can 
be influenced by the number of nodes remaining on the floricanes after summer or winter 
lateral pruning in addition to main cane positioning on trellis systems (Finn and Clark, 2017; 
Takeda and Rose, 2015). Lateral pruning methods in the summer or winter involve cutting 
back or shortening lateral branches to remove the end portion of laterals and leaving the 
remainder for the following years’ fruit production. Takeda and Rose (2015) concluded that 
pruning floricane lateral branches decreased lateral length and axillary bud number, but 
increased percent bud break, inflorescence number and number of fruit the following season. 
Although it has been found that more lateral branches produce more axillary budbreak on a 
V-trellis, yield per floricane may not be similar to the number of flower buds per floricane, 
resulting in fewer fruit per inflorescence (Takeda, 2002). However, lateral branches on the 
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RCA reach 1.5 m in length or can be pruned back to 1.5 m in length on the long-arm, which 
has been shown to increase the number of flowers on each inflorescence by one to two 
flowers (Takeda and Rose, 2015). 
Comparing the RCA to the T-trellis, the lateral branches are longer and may result in 
25 m of cane length per m row distance, whereas the T-trellis may have only 10 m of cane 
length per m row distance that have to be pruned to a manageable length (Takeda et al., 
2013). Multiple studies have suggested that the cane management techniques used on the 
RCA improve light penetration due to how the cane positioning creates a narrow plane that 
allows more exposure to light to the leaves and canes (McWhirt et al., 2019; Takeda, 2017; 
Takeda et al., 2003a; Takeda et al., 2013; Takeda and Rose, 2015).  
In a study in 2000 on red raspberries on a V-trellis and shift-trellis, increasing cane 
density on both trellis systems increased yield per m2, but decreased yield per cane (Vanden 
Heuvel et al., 2000). In the same study, the V-trellis system initiated longer lateral canes with 
greater bud buds towards the center of the canopy and improved cane density compared to 
raspberries grown in unstructured hedgerows (Vanden Heuvel et al., 2000). The raspberries 
grown on a shift and V-trellis produced 62% and 123% more berries per cane, and 58% and 
120% more berries per m2 compared to the raspberries in hedgerows (Vanden Heuvel et al., 
2000). Takeda et. al (2003a) found that the number of horizontal-retained primocanes on an 
RCA can influence the number of buds and flowers for ‘Chester Thornless’. They found 
higher yield component numbers (buds and flowers) from only two retained primocanes 
compared to four and six retained primocanes (Takeda et al., 2003a). 
Canopy surface area is a determining factor for growers to maintain high yield per m 
row. Takeda and Rose (2015) conclude that vertical lateral branch lengths on an RCA trellis 
36 
 
can reach a canopy surface area length of >6.5 m2 per plant, however plant spacing can also 
be a potential factor in influencing canopy coverage (McWhirt et al., 2019). RCA plants are 
recommended to be spaced 1.52 m apart to allow horizontal primocane growth, but factors 
that limit lateral growth, like disease or plant health may impact the amount of canopy 
surface area filled with vertical fruiting laterals on the long-arm may, resulting in lower yield 
per m (McWhirt et al., 2019).  
Blackberry lateral diameters have been shown to increase in width with higher light 
intensity and have significant effects on floricane yield components such as primary buds, 
flowering laterals, flower buds, and fruit per cane specifically found on proximal laterals of 
the Illini Hardy cultivar grown on a V-trellis (Gallagher et al., 2014). Cane carbohydrate 
levels have been found to have an effect on floral development, but there have been no 
minimal causes on how light intensity could influence cane carbohydrate levels and yield 
components (Crandall et al., 1974; Dale, 1986; Takeda et al., 2003b). However, Gallagher et 
al. (2014) found that light intensity and cane diameter could predict primary buds and 
flowering laterals per cane, but blossom or fruit counts could not be predicted, where they 
have concluded that cane diameter would affect node number more rather than floral 
development. Smaller cane diameter has been found to be associated with delayed primocane 
development and water stress, which has been found to increase floral primordial growth, but 
decrease cane growth as a result later in the season (Crandall and Chamberlain, 1972).  
Blackberry cane diameter can also have an effect on fruit weight depending on 
cultivar. In past studies, the Chester Thornless cultivar has been found to have a 0.12 g 
increase in fruit weight and the Black Satin cultivar has been found have a 0.20 g increase in 
fruit weight for every 1 cm increase in cane diameter, however the Jumbo cultivar has been 
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found to have a 0.60 g decrease for every 1 mm decrease in cane diameter (Eyduran et al., 
2008). Cultivar type and trellising have been known to impact yield components and cane 
characteristics such as cane diameter, but caneberry characteristics can vary from year to year 
in different geographic locations with different environmental impacts (Atila et al., 2006; 
Eyduran and Agaoglu, 2006; Eyduran et al., 2007). 
Location and specific climatic conditions can also influence caneberry yield potential. 
Eastern thornless blackberry cultivars can survive down to -17 °C but freeze injury to buds 
will occur below -2 °C (Takeda, 2017; Takeda and Glenn, 2016). In colder regions, row 
covers can be applied on the lowered RCA long-arm canopy for winter protection, which 
makes the RCA unique compared to other trellis designs. Ohio blackberry growers using the 
I-post trellis lost 100% of their crop in the winter, whereas Ohio blackberry growers using 
the RCA trellis and row cover application lost only 5% of their crop in 2014 and 2015 (Strik 
et al., 2017).  
There is little published information on blackberry and raspberry production that 
directly compare the RCA to other trellis designs, and the limited studies that do exist have 
primarily been conducted in cooler northern regions of the United States or used cultivars 
that are not widely grown in the Southeast. The RCA trellis is known to be a useful trellis 
system for blackberry production in the Northern United States, and the RCA trellis has 
become of interest for southern blackberry growers, however there is minimal research on 
how the RCA impacts cane morphology and yield components in southeastern conditions. 
Therefore, our objectives are to compare blackberry cane morphology and yield of three 
blackberry cultivars (Osage, Ouachita, and Prime-Ark® Traveler) grown on a RCA trellis 
and a T-trellis in the Southeast. 
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Materials and Methods 
Site Location 
Blackberries were planted in May 2017 at the University of Arkansas System 
Division of Agriculture (UA System) Fruit Research Station in Clarksville, AR (Latitude: 35 
° 31’58” N; Longitude: 93 ° 24’12” W) (USDA hardiness zone 7a) as tissue-cultured plugs 
from North American Plants (Lafayette, OR).  The plot location is 0.04 ha with linker fine 
sandy loam soil (Web Soil Survey, USDA.gov). The blackberries were planted in a factorial 
design with two trellis treatments (RCA trellis and T-trellis) and three cultivars (Osage, 
Ouachita, and Prime-Ark® Traveler). The limitations of the trellis system rotation at mid-
bloom and differences in bloom dates mean that cultivars were not randomized across the 
RCA rows. The RCA (Trellis Growing Systems, Fort Wayne, IN) had three rows running 
east to west with the canopy side facing north. Each RCA row was 27.43 m by 0.91 m with 
3.66 m between each row. There was one cultivar planted per row, with three replicate plots 
(9.14 m) containing six plants per plot planted 1.52 m apart in the row. The T-trellis was 
constructed with 1.53 m high metal T-posts spaced 7.62 m to 9.14 m between each T-post 
following a standard design used in the Southeast (Fernandez et al., 2016b). The single T-
trellis row consisted of nine plots each 27.43 m long by 0.91 m wide planted with four plants 
spaced 0.60 m apart in row. There were three replicate plots of each of the three cultivars 
(Figure 1).  
The long-arm of the RCA was rotated to the flowering position during bud swell and 
bud break of each year. Training of three canes per plant on the RCA followed the method 
described by Takeda et al. (2013), and training and pruning of the canes on the standard 
trellis followed the methods described in the Southeast Regional Caneberry Production 
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Guide (Fernandez et al., 2016c). This trial was conducted over two harvest seasons in 2019 
and 2020. 
 
Trellis Preparation, Fertilization, and Pest Management  
After floricane harvest season in mid-August, dead floricanes were removed from the 
long-arm, and the primocane laterals from the short-arm were transferred to the long-arm 
canopy using wire clips. The primocane laterals were spread out fan-like on the canopy to fill 
up trellis space.  
Standard fertility and insect and disease pest management were implemented through 
all years of the trial (Fernandez et al., 2016d; Oliver et al., 2019). Specifically, a mixture of 
11.36 L of Sulforix with 378.54 L of water was sprayed in February of both years during 
delayed dormancy in both trellis systems when temperatures were above 3-4 °C. Insecticides 
were sprayed once a week for 18 weeks in both 2019 and 2020 to control SWD, stink bug, 
and broadmite populations.  
Before the primocane transfer on the RCA trellis in August, plant tissue nutrient 
sampling was done in late July to determine the next season’s fertilizer rates for the plants. In 
2019, the RCA and T-trellis were fertilized with 27.22 kg of nitrogen, 27.22 kg of 
phosphorus, and 27.22-34.02 kg of potassium with 20-10-20 Peter’s® Professional (ICL 
Specialty Fertilizers, Summerville, SC) for a ten-week duration starting April 1st and ending 
June 3rd . Each week during the ten-week duration, 0.32 kg of 20-10-20 was applied to the 
100 m of the four trial rows. In 2020, the RCA and T-trellis were fertilized with 36.29 kg of 
nitrogen, 27.22 kg of phosphorus, and 36.29 kg of potassium with 20-10-20 Peter’s® 
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Professional for a ten-week duration starting April 1st and ending June 3rd . Each week during 
the ten-week duration, 0.32 kg of 20-10-20 was applied to the 100 m of the four trial rows. 
 
Row Cover Management for Winter Season and Spring Frosts  
The long-arm was lowered parallel to the ground with the berry canopy side facing up 
and 28.4 g row covers were applied as necessary to prevent winter damage and protect 
blooms from spring frosts when temperatures dropped below -2 °C during the bud 
development (Figure 2A and B). Bloom loss counts from 25 randomly selected and dissected 
blooms per plot were recorded should a late freeze occur.  
 
Temperature, Relative Humidity, and Rainfall   
Maximum and minimum daily air temperature (°C), relative humidity (%), and 
rainfall (cm) readings were recorded every fifteen minutes each day from June 1 to July 31 
for 2019 and 2020 on a WatchDog® weather monitoring station (WatchDog® 2000 Series, 
Spectrum Technologies Inc., Aurora, IL) placed in the northeast corner of the plot.  
 
RCA Primocane Training (2018-2020)  
Training of the primocanes along the bottom wire was conducted in the second year 
of production beginning in 2018. Three new growth primocanes were bent and tied with 2.5 
mil Presco flagging tape once the tip reached 0.13 m past the first bottom wire of the short-
arm. All buds, laterals, and leaves were removed below the point of the bend of the retained 
primocanes. And to encourage lateral growth of the retained primocanes along the bottom 
short-arm wire, leaf growth next to the lateral shoot bud was removed. Once the retained 
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primocanes reached the adjacent plant, the tip was removed to encourage lateral growth up 
the short-arm.  
 
Main Cane and Lateral Counts, Lateral Length and Node Counts 
RCA: For each plant in a plot, the number of horizontally-trained main canes and the 
number of vertical laterals on the RCA trellis were counted and averaged per plant. A 
proximal (basal), middle, and distal (end) lateral from a main cane were marked and 
measured for length (cm). All primary lateral canes that were tied vertically up the long-arm 
were also measured for length. Each cane measurement of the proximal, middle, and distal 
lateral along with the total of all laterals measured were averaged to get a single average per 
lateral part and total per plant. 
For each plant, the three primary lateral canes that were marked for lateral lengths 
were also used for counting nodes. The three primary lateral canes included one proximal 
lateral, one middle lateral, and one distal lateral that were measured and counted for the 
number of nodes divided into the base, middle, and top sections on primary laterals. These 
sections were divided based on the long-arm canopy trellis wires. Node counts of the 
proximal, middle, and distal lateral and total node numbers (sum of proximal, middle, and 
distal lateral) were averaged to get a single average per lateral part per plant. The length of 
the canes that were used for nodes counts and cane diameter measurements were marked 
when recording cane length for future flower and berry counts.  
T-trellis: For each plant in a plot, there were three to four vertical main floricanes 
trained to the trellis system with the lateral canes shooting upward from right and left of the 
main floricane. All main vertical canes and laterals were counted and averaged for a single 
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number. One proximal lateral, one middle lateral, and one distal lateral from selected main 
canes were counted for the number of nodes on primary laterals. Each primary lateral cane 
was also measured for length (cm). The T-trellis primarily has laterals at the top 1/3 of the 
main floricanes, and the lower laterals were removed. Each cane measurement of the 
proximal, middle, and distal lateral along with the total of all laterals measured were 
averaged to get a single average per lateral part and total per plant (sum of proximal, middle, 
and distal lateral). The length of the canes that were used for nodes counts and cane diameter 
measurements were marked when recording cane length for future flower and berry counts.  
 
Lateral Diameter, Flower and Berry Counts  
For each plant, three marked primary lateral canes at distinct parts of the plant canopy 
(proximal, middle, and distal) were measured for lateral diameter (mm) at the base of the 
lateral cane where it connected with the main cane, the middle part of the lateral cane, and 
the distal portion using a digital Mitutoyo caliper (MSC Industrial Supply Inc., Melville, 
NY). Each diameter measurement of the proximal, middle, and distal lateral was averaged to 
get a single average per lateral part per plant. 
The marked proximal, middle, and terminal lateral branch from the one retained 
floricane along the short-arm wire from each plant in the RCA and a chosen main vertical 
cane from each plant in the T-trellis row were counted for the number of flowers at 50% 
bloom. At green/pink berry stage, the marked proximal, middle, and terminal lateral branch 
from each plant in the RCA and T-trellis plots were counted for the number of berries. 
Flower and berry counts on proximal, middle, and distal lateral and totals per plant (sum of 
proximal, middle, and distal lateral) were averaged toper plot.  
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Harvest Grading and Yield Analysis 
 Floricane fruit weight harvest occurred twice a week for eight weeks in the summer 
months (June-July) of 2019 and 2020. Harvest began in the mornings between 6-8AM on both 
harvest days per week. Yield per plant and per row meter were assessed from a fruit weight 
harvest twice a week and a post-harvest clamshell assessment once a week. Only marketable 
berries were harvested into clamshells once a week, and marketable and cull (damaged) fruit 
were separated into two, quart containers per plot twice a week. Marketable berries were 
selected as berries that were shiny, fully ripe blackberries with no damaged drupelets or 
blemishes, and cull berries were selected as unmarketable berries having wilted or damaged 
drupelets that may have been caused by rain, sunscald (white drupe), fungal issues 
(anthracnose), insect damage, or poor pollination. Marketable floricane yield (kg) per plot 
was re-calculated to be presented in marketable yield per plant and marketable yield per row 
meter (yield per m in kg) (assessed as yield/spacing between each plant in 2019 and assessed 
as yield per plant canopy width in meters in 2020). Yield per plant and per m are more 
accurate comparisons between the trellising systems due to differences in plant spacing and 
plant numbers per plot. An average of berry weights was weighed in grams from 25 
marketable berries per plot. Cull yield was calculated as the unmarketable fruit as a percent 
of the total harvest. 
 
Statistical Design 
This trial was a factorial design with two trellis treatments (RCA trellis and T-trellis) 
and three cultivars (Osage, Ouachita, and Prime-Ark® Traveler). There were three replicate 
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plots for each cultivar by trellis treatment for a total of 18 plots. There were 6 plants per plot 
on RCA, and 4 plants per plot on T-trellis. 
For each trellis treatment by cultivar combination, assessments of cane morphology 
(main cane and lateral number, lateral lengths, lateral diameter measurements, node, flower, 
and berry counts) were collected on three lateral branches (proximal, middle, distal) per plant 
in both 2019 and 2020. The data collected per plant was then averaged per plot. 
For each trellis treatment by cultivar combination, assessments of floricane 
marketable yield per plant, marketable yield per m, cull yield per plot, and average berry 
weight per plot were collected twice per week for eight weeks per season in 2019 and 2020. 
Data collected for marketable yield and cull over multiple harvest dates in each year were 
summed per plot (3 replicate plots for each cultivar x trellis combination) to calculate season 
long totals. 
 
Statistical Analysis  
Statistical analyses were conducted using JMP® (version 15.0; SAS Institute, Cary, 
NC) and SAS glimmix (version 9.4; SAS Institute, Cary, NC). Least significant means 
comparisons were used to determine main factors (trellis and cultivar) and interaction effects. 
Student-T tests were used to compare means for significant differences (p < 0.05). 
Differences in treatment effects between years were significant for several response 
variables, and so years were analyzed separately. Figures were created with each standard 





Results and Discussion 
Temperature, Relative Humidity, and Rainfall 
The 2019 season was cooler, more humid, and had higher rainfall than the 2020 
season (Table 1). For both years, the month of June was cooler than July. Total rainfall was 
highest in 2019, with June 2019 being much wetter than the average 3.65 cm rainfall 
typically observed for central AR in June (NWS, 2020) (Table 1).  
 
Main Cane Number 
 In 2020 a trellis by cultivar interaction for number of main canes still found that there 
were fewer main canes on the RCA compared to the T-trellis within each cultivar, and that 
there were fewer main canes on ‘Ouachita’ on the T-trellis compared to ‘Osage’ and ‘Prime-
Ark® Traveler’ on the T-trellis (Table 2) (Figure 3). There were higher numbers of main 
canes per plant on the T-trellis (4 canes) compared to the RCA (3 canes) in 2019 (Table 2). 
In 2019 cultivar impacted main cane number where ‘Prime-Ark® Traveler’ had more main 
canes than the other cultivars (Table 2). The fewer main canes on ‘Ouachita’ on the T-trellis 
in 2020 was likely due to winter pruning practices that removed more main canes. Whereas 
the lower cane number for ‘Prime-Ark® Traveler’ in 2019 may be due to double cropping of 
that cultivar which reduced the number of canes produced and held over to the second year. 
Takeda et al. (2003a) suggested that only retaining two-three main canes on the RCA will 
provide adequate yield in addition to reducing labor by 50%. This recommendation was 
followed in this study for both years resulting in training fewer main canes on the RCA 




Lateral Number  
For both 2019 and 2020, there was a significant trellis by cultivar interaction for the 
number of laterals per plant (Table 2) (Figure 4). In 2019, ‘Prime-Ark® Traveler’ had lower 
lateral number on the RCA per plant compared to the T-trellis and ‘Osage’ and ‘Ouachita’ 
had a similar number of laterals regardless of trellis system. Inn 2020, there were more 
laterals on the RCA compared to the T-trellis for both ‘Osage’ and ‘Ouachita’ and no 
difference between trellis treatments for ‘Prime-Ark® Traveler’ (Figure 4). In 2020, lateral 
numbers were lower overall, due to the occurrence of fire blight and spur blight in 2019 
which required diseased canes to be removed. T-trellis plants were not affected by fire blight 
and spur blight in 2019, however laterals below mid-cane were removed during winter 




Trellis by cultivar interactions for proximal lateral lengths were not significant for 
2019 and 2020 but were significant for middle and distal lateral lengths in 2019, and total 
lateral lengths in both years (Table 2).  In 2019, ‘Ouachita’ on the RCA had longer middle 
laterals than on the T-trellis, ‘Osage’ had similar middle lateral lengths on both trellis 
treatments and ‘Prime-Ark® Traveler’ had shorter lateral lengths on the RCA compared to 
the T-trellis (Figure 5). Distal lateral lengths were longer on the RCA for ‘Osage’ and 
‘Ouachita’, but were not different by trellis for ‘Prime-Ark® Traveler’ in 2019 (Figure 5). In 
2019, ‘Prime-Ark® Traveler’ had weak, shorter distal laterals on the RCA compared to the 
other cultivars (Figure 5). Proximal lateral lengths on the RCA plants were longer in 2019 
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(166.7 cm) and in 2020 (174.2 cm) compared to T-trellis proximal laterals for both years 
(117.8 cm, 100.8 cm) respectively. In 2020, distal laterals on the RCA were shorter (47.0 cm) 
than T-trellis distal laterals (72.6 cm) (Table 2). Cultivar did not impact proximal lateral 
lengths in 2019 but did in 2020 with ‘Prime-Ark® Traveler’ having shorter proximal laterals 
(105.1 cm) (Table 2). There was also no cultivar effect on middle or distal lateral lengths in 
2020. 
Collectively, these results contributed to longer total lateral lengths per plant on the 
RCA compared to the T-trellis in both years for ‘Osage’ and ‘Ouachita’ (Figure 6), and 
lateral length per plant being similar across trellis system for ‘Prime-Ark® Traveler’ for both 
years. This demonstrates that the RCA training protocols has the potential to increase lateral 
cane length. In past studies, other cultivars including ‘Triple Crown’ had longer lateral cane 
length when trained on an RCA trellis (Takeda and Rose, 2015). Multiple studies suggested 
that cane management techniques used on the RCA improve light penetration, and despite 
training fewer primocanes, the horizontal orientation forces increased lateral growth per plant 
in eastern blackberry cultivars, as found in our results (Takeda, 2017; Takeda et al., 2003a; 
Takeda et al., 2013; Takeda and Rose, 2015).  
 
Node Number  
In 2019, there was a trellis by cultivar interaction for proximal lateral, middle lateral 
and total lateral node numbers (Figure 7), there were no trellis by cultivar interaction 
significant in 2020 and no trellis by cultivar interaction for distal lateral node number for 
either year (Table 2). ‘Osage’ and ‘Ouachita’ had more nodes per proximal lateral and more 
total laterals on the RCA compared to the T-trellis in 2019. Additionally, ‘Ouachita’ had 
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more nodes on middle laterals on the RCA compared to the T-trellis, but the number of nodes 
on middle laterals for ‘Osage’ were similar for both trellis treatments (Figure 7). In 2019, 
‘Prime-Ark® Traveler’ on the RCA had similar node numbers on proximal laterals for both 
trellis treatments, but fewer nodes on middle laterals and fewer total nodes compared to the 
T-trellis (Figure 7). Total nodes per plant in 2019 were higher on ‘Osage’ and ‘Ouachita’ on 
the RCA compared to the T-trellis, but total nodes per plant were lower on the RCA 
compared to the T-trellis for ‘Prime-Ark® Traveler’. In 2020, there was a trellis effect on 
node numbers on proximal and middle laterals, where the RCA had higher proximal and 
middle lateral node numbers compared to the T-trellis. In 2019 ‘Osage’ had the most nodes 
on distal laterals, followed by ‘Ouachita’ and ‘Prime-Ark® Traveler’ had the least.  In 2020, 
there were fewer total lateral nodes on ‘Prime-Ark® Traveler’ compared to ‘Osage’ and 
‘Ouachita’ (Table 2). Cultivar did not impact node numbers for proximal, middle, and distal 
laterals in 2020. The higher total number of nodes observed on the RCA is likely directly 
related to the longer cane lengths. Differences in pruning practices and number of main canes 
between the two systems directly impacted cane length and correspondingly node numbers. 
More nodes per plant are observed on the RCA compared to the T-trellis due to the longer 
lateral branches on the RCA, despite that there are fewer main canes trained on the RCA 
compared to the T-trellis. Plants with fewer retained main canes (2-3) on a RCA trellis are 
known to average 25-40 plus nodes per lateral, whereas plants with four or more retained 
main canes generally have fewer nodes per lateral (Takeda et al., 2003a). Proximal laterals 
were found to having the highest lateral node numbers. Proximal laterals are located near the 
90° bend of the retained main cane, receive more light exposure, and tend to break bud first 
in the season which means they have longer to grow and may result in their observed longer 
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length and thicker diameter with higher node numbers compared to other laterals. Previous 
studies have found that higher light intensity thickens lateral cane diameter and will have a 
corresponding effect to higher node numbers (Gallagher et al., 2014). It has also been found 
that primocanes retained earlier in the season are known to have the highest lateral node 
numbers compared to laterals from primocanes trained later in the season on an RCA trellis 
(Takeda et al., 2003a).  
 
Lateral Diameter Measurements 
 Trellis by cultivar interaction was not significant for lateral diameter measurements in 
2019 but was significant for proximal and distal laterals in 2020 (Table 3). In 2020, ‘Osage’ 
had wider proximal lateral canes on the RCA compared to the T-trellis, and ‘Ouachita’ and 
‘Prime-Ark® Traveler’ had similar proximal lateral lengths for both trellis treatments (Figure 
8). In 2020, distal laterals were narrower on the RCA for ‘Osage’ and ‘Ouachita’ compared 
to the T-trellis (Figure 8) but were not different by trellis for ‘Prime-Ark® Traveler’. In 
2019, there was only a trellis effect on proximal lateral diameter, where proximal laterals 
were wider on the RCA (9.94 mm) compared to the T-trellis (8.07 mm) (Table 3). In 2019, 
distal lateral diameters were different among cultivars, where ‘Osage’ and ‘Ouachita’ had 
wider distal laterals than ‘Prime-Ark® Traveler’ (Table 3). Stiles (1995) and Krewer et al. 
(2006) found that erect blackberry cultivar canes that were >2 cm in diameter do not rotate 
easily, making them prone to more breakage during trellis rotations. Cane breakage was more 
common on ‘Osage’ canes during trellis rotations in 2019 and 2020 (personal observation), 
however the lateral diameter for this cultivar was no different from ‘Ouachita’ in either year. 
We have concluded that proximal laterals on the RCA tend to be thicker due to their 
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positioning near the 90° bend on a retained RCA primocane where they tend to receive more 
sunlight, break bud first, and grow longer in length compared to other laterals. Proximal 
laterals on a T-trellis are located on the middle of the main cane or near the base of the crown 
where they do not receive as much sun exposure. Caneberry laterals that receive more light 
intensity and break bud first (proximal laterals) have been found to grow thicker during the 
season, but delayed primocane laterals that grow later in the season will tend to cease length 
and width growth (distal laterals) (Crandall and Chamberlain, 1972; Gallagher et al., 2014; 
Takeda et al., 2002). Although not statistically different in 2020, proximal laterals on plants 
for both trellis treatments decreased in width in 2020. Thinner RCA proximal laterals may be 
due to loss of plant health from fire blight and spur blight, and the thinner proximal laterals 
on the T-trellis may have been due to heavier pruning the previous fall.  
 
Flower Number  
For 2019 and 2020, there was a trellis by cultivar interaction for proximal lateral 
flower numbers, but not for middle, distal, or total lateral flower numbers (Table 3). In 2019, 
‘Prime-Ark® Traveler’ on the RCA had the highest number of proximal lateral flowers and 
had more flowers than the other cultivars regardless of trellis (Figure 9), which may have 
been due to the timing of high budbreak that occurred and time period of flower data 
collection in late February-early March in 2019. ‘Osage’ and ‘Ouachita’ had similar numbers 
of flowers on proximal laterals regardless of trellis system in 2019, but in 2020 both cultivars 
had higher flower numbers on proximal laterals on the RCA compared to the T-trellis and 
‘Prime-Ark® Traveler’ had similar proximal lateral flower number for both trellis treatments 
(Figure 9). In 2020, there was a trellis effect of distal lateral flower number where the RCA 
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had lower distal lateral flower number compared to the T-trellis that could have been related 
to the removal of distal portions of retained primocanes on the RCA from fire blight and spur 
blight infections in 2019 (Table 3). There was an effect of cultivar on middle, distal, and total 
lateral flower numbers in 2019, where ‘Ouachita’ had the highest middle lateral flower 
numbers followed by ‘Osage’ and ‘Prime-Ark® Traveler’ had the lowest, and ‘Osage’ and 
‘Ouachita’ had more distal, and total lateral flowers than ‘Prime-Ark® Traveler’ (Table 3). 
Similar trends occurred in 2020 for cultivar effects on flower numbers for distal and total 
lateral flower numbers as there was no effect of cultivar on middle lateral flower number. 
Compared to the T-trellis, the number of nodes on the RCA is tended to be higher for 
‘Osage’ and ‘Ouachita’ (Table 2) which corresponded with higher flower numbers on the 
RCA (Table 3). Notably in 2020 on the RCA lower distal flower counts seem to be more 
related to narrower measurements of cane width than to distal lateral node number, as the 
thinner canes on the RCA resulted in lower flower numbers while node numbers were similar 
across trellis treatments. Based on previous studies, cane diameter has significant impact on 
lateral node number, where thicker lateral canes (proximal laterals that develop earlier in the 
season) tend to have more nodes compared to thinner lateral canes (distal laterals) (Gallagher 
et al., 2014). Although it has been found that narrower laterals increase primordial flower 
development (Crandall and Chamberlain, 1972), it was not evident in our 2020 results of 
lower flower numbers on narrow distal laterals on the RCA. Additionally, it was evident that 
fewer retained primocanes (2-3) on the RCA enhanced node and flower numbers in some 
cases for certain cultivars, which can relate to Takeda et al. (2003a) conclusions that fewer 





 For 2019 and 2020, there was a trellis by cultivar interaction for proximal lateral 
berry numbers (Table 3), where ‘Ouachita’ proximal lateral berry numbers were higher on 
the RCA compared to the T-trellis in 2019, and ‘Osage’ and ‘Prime-Ark® Traveler’ had 
similar proximal lateral berry number for both trellis treatments in 2019 (Figure 9). In 2020, 
‘Osage’ had higher proximal lateral berry number on the RCA compared to the T-trellis, and 
‘Ouachita’ and ‘Prime-Ark® Traveler’ had similar proximal lateral berry number for both 
trellis treatments (Figure 9). In 2019, there was a trellis by cultivar interaction for middle 
lateral berry number and total berry numbers. Middle lateral berry number was higher for 
‘Osage’ and ‘Ouachita’ on the RCA compared to the T-trellis, and ‘Prime-Ark® Traveler’ 
had similar middle lateral berry number for both trellis treatments. Total berry numbers for 
‘Osage’ and ‘Ouachita’ on the RCA were higher on the RCA than on the T-trellis (Figure 
10), whereas ‘Prime-Ark® Traveler’ had lower total berry numbers on the RCA relative to 
the T-trellis. There was a trellis effect for distal lateral berry number for both years, where 
the RCA had higher distal lateral berry number compared to the T-trellis in 2019, but distal 
lateral berry number was lower on the RCA compared to the T-trellis in 2020. The significant 
decrease in distal lateral diameter corresponding to lower flower and berry number on distal 
laterals on the RCA compared to the T-trellis in 2020 could be related to weaker distal 
portions of fire blight-infected primocanes. Cultivar impacted distal lateral berry number in 
2019, and middle, distal, and total berry number in 2020 with ‘Osage’ and ‘Ouachita’ having 
the highest numbers of berries for both years (Table 3). Although fire blight and spur blight 
may have decreased distal lateral diameter, flower, and berry number, ‘Osage’ and 
‘Ouachita’ remained consistent in similar distal lateral cane diameters, flower, and berry 
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numbers for both years. In some cases, ‘Ouachita’ still had higher or similar flower and berry 
number compared to the other two cultivars, lower flower and berry numbers on weaker 
distal laterals due to fire blight and spur blight on the RCA. 
 
Yield per Plant 
 There was a trellis by cultivar interaction for floricane yield per plant for both years 
(Table 4), where in 2019 ‘Osage’ and ‘Ouachita’ had higher yield per plant on the RCA (8.84 
kg, 9.71 kg) compared to the T-trellis (4.40 kg, 3.07 kg), and ‘Prime-Ark® Traveler’ had 
similar yields per plant for both trellis treatments (3.49 kg on the RCA and 3.36 kg on the T-
trellis) (Figure 11). In 2020, ‘Osage’ had similar yield per plant in both trellis treatments 
(4.95 kg on the RCA and 4.43 kg on the T-trellis), ‘Ouachita’ had higher yield per plant on 
the RCA (5.53 kg) compared to the T-trellis (2.66 kg), whereas yield per plant was lower for 
‘Prime-Ark® Traveler’ on the RCA (0.94 kg) compared to the T-trellis (2.18 kg) (Figure 11). 
Overall, yield per plant on the RCA was likely reduced in 2020 compared to 2019 due to 
presence of fire blight and spur blight that resulted in the death of the ends of some laterals, 
despite this yield per plant remained higher on the RCA compared to the T-trellis for the 
floricane fruiting cultivars, ‘Osage’ and ‘Ouachita’ in both years (Table 4). Previous results 
from Takeda et al. (2003a) have shown that horizontal-training methods with fewer main 
canes (2-3) on a RCA trellis resulted in higher yield compared to plants with six primocanes 
trained, however there was no comparison to the number of canes trained and yield on a T-
trellis. Low floricane yield for ‘Prime-Ark® Traveler’ in 2020 could also have been a result 
of the higher floricane yield in 2019, where the cultivar’s double-cropping characteristic can 
be dependent on previous year’s floricane and primocane production (Clark and Salgado, 
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2016). Our study is the first to evaluate direct comparisons of cane morphology and yield of 
RCA and T-trellis plants, where we have found that higher yield per plant on the RCA for 
certain cultivars could be directly related to how horizontal primocane growth and longer 
vertical cane lengths increased node, flower, and berry number resulting in higher yield 
compared to plants on the T-trellis. 
 
Yield per Row Meter  
There was a trellis by cultivar interaction for floricane yield per row meter (yield per 
m) for both years (Table 4), where yield per m for ‘Osage’ was similar for both trellis 
treatments (5.80 kg on the RCA and 5.78 kg on the T-trellis) in 2019 but was higher on the 
T-trellis (5.81 kg) compared to the RCA (3.25 kg) in 2020 (Figure 11). Yield per m for 
‘Ouachita’ was higher on the RCA (6.37 kg) compared to the T-trellis (4.03 kg) in 2019 but 
was similar for both trellis treatments (3.63 kg on the RCA and 3.49 on the T-trellis) in 2020. 
For both years, yield per m of ‘Prime-Ark® Traveler’ on the RCA was lower (2.29 kg in 
2019 and 0.62 kg in 2020) compared to the T-trellis (3.99 kg in 2019 and 2.85 kg in 2020). 
We hypothesized that RCA yields per m would be lower in 2020 due to fire blight and spur 
blight which reduced canopy coverage per m, however ‘Ouachita’ had the same yield per m 
on both systems. The spacing of plants may have impacted these results, where plants spaced 
further apart on the RCA in some cases have resulted in empty canopy spaces on the trellis 
resulting in lower yield per m, compared to closer plant spacing on the T-trellis which results 
in more even canopy fill between plants (McWhirt et al. 2019). Additionally, in general there 
were similar numbers of laterals on the RCA and T-trellis and it has been found previously 
55 
 
that total yield per unit area is higher when there were higher cane numbers (Vanden Heuvel 
et al., 2000).  
 
Percent Cull  
A trellis by cultivar interaction for percent cull was significant in 2019, but not for 
2020 (Table 4). In 2019, ‘Osage’ and ‘Ouachita’ cull rates were lower on the RCA compared 
the T-trellis (Figure 12) but was no different for ‘Prime-Ark® Traveler’ for both trellis 
treatments. In 2020, the RCA had lower cull rate compared to the T-trellis (Table 4). and 
‘Prime-Ark® Traveler’ and ‘Ouachita’ had higher percent cull compared to ‘Osage’ Lower 
cull rates on the RCA may be due to improved shading and observations of lower pest 
pressure (See chapter 3 for these results). 
 
Average Berry Weight 
 There was a trellis by cultivar interaction for average berry weight for both years, 
where ‘Osage’ and ‘Ouachita’ had higher berry weights on the RCA compared to the T-trellis 
in both years (Table 4) (Figure 13). ‘Prime-Ark® Traveler’ had similar average berry weight 
in 2019 across trellis treatments (6.72 g on the RCA and 6.68 g on the T-trellis) but had 
lower average berry weight on the RCA (0.40 g) compared to the T-trellis (6.46 g) in 2020. 
Previous work has found RCA trellising can increase berry size and weight due to increased 
light exposure on canes and foliage, in addition to fewer retained primocanes (2-3) on the 
RCA may result in slightly larger fruit size and ultimately berry weight (Palmer et al., 1987; 
Takeda et al., 2003a; Takada et al., 2013). Although berry size and weight may have been 
influenced by cane length and positioning, thicker proximal cane diameters on the RCA 
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could also influence berry weight, where fruit weight has also been shown to increase as cane 
diameter increases in certain blackberry cultivars (Eyduran et al., 2008).   
 
Conclusions 
Despite fire blight and spur blight occurrence on RCA plants in 2019 impacting plant 
health and yield, results comparing the RCA to the T-trellis showed that the RCA had 
potential to impact cane morphological characteristics which corresponded to higher yield 
per plant for the cultivars Ouachita and Osage. Empty trellis spaces on the RCA resulted in 
similar or lower yield per m for some cultivars, where we have hypothesized that spacing 
RCA plants closer will fill up trellis canopy space and optimize yield per m. Yield per m is 
what will help growers determine the economic viability of trellis cost with factors such as 
the spacing of plants, labor costs, and how yield return potential could benefit them. The 
RCA had potential to lower cull yield for certain cultivars, as well as improve berry weight 
for ‘Osage’ and ‘Ouachita’ in both years.  
Further research on light interception of specific laterals or specific sections of RCA 
canopies compared to T-trellis laterals or canopies could help to determine how light or 
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Chapter 2 Tables 
 
 
Table 1. Means of maximum and minimum temperature, relative humidity, and total rainfall 












June 28.8 18.7 80.05 19.25
July 30.8 21.0 80.04 8.31
June 30.0 19.8 75.38 3.94









Table 2. Main and interaction effects of trellis and cultivar on total number of main canes and laterals trained per plant, length of 
proximal, middle, distal laterals and total lateral lengths per plant, and number of nodes on proximal, middle, distal laterals and total 
nodes per plant of three blackberry cultivars on the rotating cross-arm (RCA) trellis and a T-trellis at Clarksville, AR in 2019 and 
2020. 
 
ᶻAverage of the total number (no.) of main canes and laterals per plant averaged from samples collected on each plant per plot (6 
plants per plot RCA, 4 plants per plot T-trellis). 
ʸAverage length (cm) of a proximal, middle, and distal lateral from a main cane per plant. 
ˣSum of lateral lengths (cm) from all laterals per plant. 
ʷAverage of node number (no.) of a proximal, middle, and distal lateral per plant. 
ᵛSum of node number (no.) from the proximal, middle, and distal laterals per plant. 
































RCA 3 b 15 166.7 aᵘ 109.1 112.1 a 2,037.6 a 38 a 29 b 28 85
T-trellis  4 a 16 117.8 b 88.0 66.1 b 1,162.4 b 26 b 24 a 23 71
P value 0.0002 0.3332 <0.0001 0.2722 <0.0001 <0.0001 0.0005 0.9676 0.2411 0.1260
Cultivar (CV)
Osage 4 b 19 a 145.0 102.0 b 110.3 a 1,861.1 a 39 a 30 a 34 a 102 a
Ouachita 3 b 16 b 151.8 125.9 a 106.1 a 1,942.3 a 29 b 30 a 27 b 85 b
Prime-Ark® Traveler 5 a 12 c 136.1 57.6 c 37.4 b 1,060.3 b 27 b 15 b 9 c 39 c
P value 0.0038 0.0001 0.6963 <0.0001 <0.0001 <0.0001 0.0008 <0.0001 <0.0001 <0.0001
T*CV Interaction
P value 0.7829 0.02405 0.4223 <0.0001 0.0207 <0.0001 0.0257 0.0003 0.3147 <0.0001
Trellis (T)
RCA 3 b 6 a 174.2 a 121.3 47.0 b 705.3 a 29 a 27 a 15 67
T-trellis 6 a 4 b 100.8 b 90.3 72.6 a 318.9 b 20 b 19 b 18 54
P value <0.0001 0.0009 <0.0001 0.0616 0.0003 <0.0001 0.0018 0.0180 0.1810 0.0698
Cultivar (CV)
Osage 4 a 6 a 152.6 a 108.5 55.3 582.8 a 27 27 18 72 a
Ouachita 3 b 6 a 156.3 a 118.4 65.8 666.2 a 26 23 17 64 a
Prime-Ark® Traveler 4 a 3 b 105.1 b 86.8 49.2 273.9 b 21 18 12 41 b
P value 0.0179 <0.0001 0.0129 0.2465 0.0854 <0.0001 0.2935 0.0826 0.0609 <0.0001
T*CV Interaction









Table 3. Main and interaction effects of trellis and cultivar of proximal, middle, and distal lateral diameter measurements per plant, 
total proximal, middle, distal and total lateral flower and berry counts per plant of three blackberry cultivars on the rotating cross-arm 
(RCA) trellis and a T-trellis at Clarksville, AR in 2019 and 2020. 
 
ᶻAverage lateral diameter (mm) of a proximal, middle, and distal laterals from a main cane per plant (6 plants per plot RCA, 4 plants 
per plot T-trellis). 
ʸAverage of flower number (no.) of a proximal, middle, and distal lateral per plant. 
ˣSum of flower number (no.) from the proximal, middle, and distal laterals per plant. 
ʷAverage of berry number (no.) of a proximal, middle, and distal lateral per plant. 
ᵛSum of berry number (no.) from the proximal, middle, and distal laterals per plant. 


































RCA 9.94 aᵘ 6.59 5.78 162 a 74 63 247 75 a 75 a 66 a 191 a
T-trellis 8.07 b 7.47 6.30 99 b 73 68 232 53 b 41 b 40 b 128 b
P value 0.0009 0.1841 0.0700 0.0001 0.5887 0.5102 0.5042 0.0234 0.0022 0.0067 0.0002
Cultivar (CV)
Osage 9.38 7.40 6.90 a 113 b 76 b 83 a 268 a 49 b 50 b 57 a 155 b
Ouachita 8.53 7.82 6.45 a 133 ab 104 a 88 a 322 a 90 a 86 a 69 a 243 a
Prime-Ark® Traveler 9.10 5.86 4.77 b 142 a 33 c 25 b 130 b 49 b 27 b 18 b 69 c
P value 0.3001 0.0578 <0.0001 0.0491 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
T*CV Interaction
P value 0.0634 0.1213 0.1675 0.0071 0.0908 0.2289 0.1813 0.0001 0.0005 0.0579 <0.0001
Trellis (T)
RCA 7.95 a 5.79 2.18 b 94 a 61 17 b 161 78 a 49 14 b 132
T-trellis 5.43 b 4.61 4.04 a 58 b 54 39 a 144 51 b 48 35 a 126
P value 0.0002 0.2845 <0.0001 0.0002 0.5222 <0.0001 0.2126 0.0056 0.5552 <0.0001 0.5552
Cultivar (CV)
Osage 7.59 a 5.36 3.69 a 84 b 63 31 a 178 a 70 b 51 a 23 a 143 a
Ouachita 7.58 a 5.75 3.57 a 106 a 69 37 a 204 a 84 a 56 a 27 a 162 a
Prime-Ark® Traveler 4.90 b 4.50 2.03 b 37 c 40 16 b 74 b 31 c 33 b 17 b 64 b
P value 0.0006 0.6213 <0.0001 <0.0001 0.1441 0.0015 <0.0001 <0.0001 0.0407 0.0138 <0.0001
T*CV Interaction






Table 4. Main and interaction effects of trellis and cultivar on floricane marketable yield per 
plant (kg), marketable yield per row meter (yield per m) (kg), cull (%), and average berry 
weight (g) of three blackberry cultivars on the rotating cross-arm (RCA) trellis and a T-trellis 
at Clarksville, AR in 2019 and 2020.  
 
 
ᶻMarketable yield per plant weighed in kilograms (6 plants per plot RCA, 4 plants per plot T-
trellis) twice a week. 
ʸMarketable yield per row meter (yield per m) weighed in kilograms (assessed as yield per m 
spacing between each plant in 2019 and assessed as yield per plant canopy (m) 2020 for the 
RCA and T-trellis). 
ˣCull (unmarketable) percent from harvest per plot twice a week.  
ʷAverage of individual berry weights weighed in grams from 25 marketable berries per plot 
twice a week. 
ᵛMeans with different letters for each attribute within effects are significantly different (p < 





per m (kg)ʸ Cull (%)ˣ Berry weight (g)ʷ
Trellis (T)
RCA 7.35 aᵛ 4.82 12.70 b 6.34 a
T-trellis 3.61 b 4.60 21.13 a 5.76 b
P value <0.0001 0.4653 <0.0001 <0.0001
Cultivar (CV)
Osage 6.62 a 5.79 a 14.74 b 5.26 b
Ouachita 6.39 a 5.20 a 17.22 ab 6.49 a
Prime-Ark® Traveler 3.43 b 3.14 b 19.60 b 6.70 a
P value <0.0001 <0.0001 0.0361 <0.0001
T*CV Interaction
P value 0.0002 0.0004 0.0019 0.0202
Trellis (T)
RCA 3.81 a 2.50 b 15.19 b 6.20
T-trellis 3.09 b 4.05 a 23.80 a 5.86
P value 0.0033 <0.0001 <0.0001 0.3526
Cultivar (CV)
Osage 4.69 a 4.53 a 15.50 b 5.50 b
Ouachita 4.09 b 3.56 b 22.00 a 6.61 a
Prime-Ark® Traveler 1.56 c 1.74 c 22.70 a 6.01 b
P value <0.0001 <0.0001 <0.0001 <0.0001
T*CV Interaction











Fig. 1. Representation of the factorial design plot layout with two trellis treatments (RCA 
trellis and T-trellis) and three blackberry cultivars (Prime-Ark® Traveler, Ouachita, and 
Osage) at the University of Arkansas System Division of Agriculture (UA System) Fruit 
























































































































Fig. 2: Long-arm of the rotating cross-arm (RCA) used for blackberry production lowered 


















Fig. 3. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry 
cultivars (Osage, Ouachita, and Prime-Ark® Traveler) on number of main canes (no.) at 
Clarksville, AR (2020). Each standard error bar is constructed using 1 standard error from the 
mean. Means with different letters for each attribute are significantly different (p < 0.05) 










































Fig. 4. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) on number of fruiting laterals (no.) at Clarksville, AR (2019 and 2020). Each standard error bar is constructed using 1 
standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) using student-t tests 









































Fig. 5. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) on middle lateral lengths and distal lateral cane lengths (cm) at Clarksville, AR (2019). Each standard error bar is 
constructed using 1 standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) 
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Fig. 6. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) on lateral cane lengths (cm) at Clarksville, AR (2019 and 2020). Each standard error bar is constructed using 1 standard 
error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) using student-t tests within the 














































Fig. 7. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) on proximal, middle, and total lateral nodes (no.) at Clarksville, AR (2019). Each standard error bar is constructed using 1 
standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) using student-t tests 
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Fig. 8.  Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) on proximal and distal lateral diameter (mm) at Clarksville, AR (2020). Each standard error bar is constructed using 1 
standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) using student-t tests 
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Fig. 9.  Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) on proximal lateral flower and berry number (no.) at Clarksville, AR (2019 and 2020). Each standard error bar is constructed 
using 1 standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) using 
student-t tests for proximal lateral flowers (uppercase letters) and proximal lateral berries (lowercase letters) in 2019 and proximal 






































































Fig. 10. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) on middle lateral berry number and total berry number (no.) at Clarksville, AR (2019). Each standard error bar is 
constructed using 1 standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) 
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Fig. 11. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) of marketable floricane yield per plant (kg) and yield per m (kg) at Clarksville, AR (2019 and 2020). Each standard error bar 
is constructed using 1 standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) 
using student-t tests for yield per plant (uppercase letters) and yield per m (lowercase letters) in 2019 and yield per plant (uppercase 

























































Fig. 12.  Effects of trellis (rotating cross-arm (RCA) trellis and a standard T-trellis) and 
blackberry cultivars (Osage, Ouachita, and Prime-Ark® Traveler) of cull (%) at Clarksville, 
AR (2019). Each standard error bar is constructed using 1 standard error from the mean. 































Fig. 13. Effects of trellis (rotating cross-arm (RCA) trellis and a standard T-trellis) and blackberry cultivars (Osage, Ouachita, and 
Prime-Ark® Traveler) on average berry weight (g) at Clarksville, AR (2019 and 2020). Each standard error bar is constructed using 1 
standard error from the mean. Means with different letters for each attribute are significantly different (p < 0.05) using student-t tests 
















































CHAPTER 3: Post-harvest Floricane Fruit Quality of Three Blackberry Cultivars Grown 
on a Rotating Cross-Arm and T-trellis 
Abstract 
In 2019 and 2020, a trial was conducted at the University of Arkansas System Division 
of Agriculture (UA System) Fruit Research Station in Clarksville, AR to compare how the RCA 
trellis and standard T-trellis impact fruit quality attributes of three blackberry cultivars (Osage, 
Ouachita, and Prime-Ark® Traveler). Blackberry fruit physical attributes (weight, size, and 
firmness), composition attributes (soluble solids, pH, titratable acidity), and drupelet/berry 
attributes (white drupe, anthracnose, rain damage, stink bug damage, and spotted wing 
drosophila (SWD) infestations) were evaluated on berries at harvest and marketability attributes 
(weight loss, leakage, softening, decay, and red drupe reversion) were evaluated on berries after 
seven days of cold storage at 6 °C. Results indicate that trellising has the potential to impact 
berry size, quality, flavor, and pest incidence. In 2019, cultivar-specific effects were observed for 
‘Prime-Ark® Traveler’ on the RCA which had lower fruit post-harvest leakage compared to that 
cultivar grown on the T-trellis and ‘Osage’ on the RCA had wider berries, lower fruit weight 
loss, and less post-harvest decay compared to when it was on the T-trellis. In 2020, the RCA 
trellis reduced anthracnose fruit infection on floricane blackberry fruit and post-harvest weight 
loss, decay, and red drupe reversion. However, berries grown on the RCA were also softer after 
post-harvest storage in both years. In 2020, fruit on the RCA had lower titratable acidity and 
higher fruit pH. Morning and afternoon berry surface temperatures and firmness at harvest were 
not impacted by trellising in either year. In both years of the study, lower rates of SWD fruit 
infestation and increased berry length and weights were observed on the RCA compared to fruit 




berries observed on the RCA in both years. These results indicate that the RCA trellis has 
potential to improve certain measures of fruit quality like berry size and lower SWD infestation 
rates, but that effects on other measures of fruit quality and post-harvest storage are variable 
across years and in some cases cultivar.  
 
Introduction 
Blackberry production in the southeastern United States can be difficult due to climatic 
conditions and high pest pressure. During harvest in the Southeast, heavy rainfall, high heat, and 
sun exposure can influence disease and unmarketable (also identified as cull) fruit quality. One 
of the most common fungal problems on fruit in the Southeast is anthracnose (Elsinoë veneta), 
which thrives in wet and humid conditions following rain events which leads to high risk for 
blackberry fruit infection (Schilder et al., 2017). Anthracnose causes berry drupelets to turn 
brown and dry up, leading to unmarketable fruit quality. Drupelet discoloration can be caused by 
a variety of factors from environmental conditions, microclimatic changes, or drupelet bruising. 
There are also physiological disorders that can also affect fruit quality. Red drupe reversion, or 
red cell reversion, is when black-fully ripe drupelets on blackberries turn red after harvest due to 
internal drupelet pH change and damaged internal cells that deteriorate anthocyanins (Edgley, 
2017; McCoy et al., 2016; Pérez-Pérez et al., 2018; Perkins-Veazie et al., 1996; Perkins-Veazie, 
2017). Sudden temperature changes during storage, as well as harvesting blackberries in warmer 
temperatures can influence red drupe reversion (Edgley, 2017; McCoy et al., 2016; Pérez-Pérez 
et al., 2018). White drupe disorder of blackberry is a common disorder in high temperature 
regions such as the Southeast and is believed to be caused by high ultraviolet (UV) light 




McWhirt, 2017; Stafne et al., 2017; Strik, 2017; Takeda et al., 2013). While it is known that 
white drupe disorder occurs more often on certain cultivars such as ‘Apache’ and ‘Kiowa’, it can 
occur on all cultivars when conditions are conducive (Fernandez, 2015). However, recent studies 
have shown that shade cloth and rain, or overhead irrigation, can significantly minimize the 
occurrence of white drupe, suggesting that white drupe is likely influenced more by increased 
UV exposure (Stafne et al., 2017).  
 Blackberry fruit quality can also deteriorate quickly after harvest which can pose 
challenges for fresh-market growers (Lawrence and Melgar, 2018). Blackberry fruit have high 
respiration rates, which leads to fruit weight loss, softening, and susceptibility to decay and when 
refrigerated, blackberries have a maximum shelf-life of two days to two weeks (Perkins-Veazie 
and Fernandez, 2013). Leakiness, softening, and decay are common unmarketable issues that can 
be influenced by high field and fruit temperatures, excess UV during harvest, or high respiration 
rates during storage (Liu, 2014; Perkins-Veazie et al., 1999; Perkins-Veazie, 2017). The 
occurrence of fruit quality loss can be limited with careful handling and immediate cooling after 
harvest (Lawrence and Melgar, 2018). However, conditions in the field also impact storage 
quality. Harvesting in the rain could potentially influence the rate of decay and berry firmness 
during post-harvest storage. Some cultivars like ‘Osage’ have been found to remain firm even 
during rainy or dry conditions (Clark, 2013).  
Berry physical attributes such as size, weight, and firmness vary by cultivar. Berry size 
and weight are determined by shape and drupelet-fill qualities that vary among cultivars (Clark, 
2013), but can also be influenced by cane positioning on trellis systems where increased sunlight 
exposure in the divided canopies can increase berry size (Palmer et al., 1987). Firmness is 




cement to give blackberries a firm texture, but hydrolysis and high respiration rates and warmer 
conditions during ripening decrease protopectin activity (Jennings, 2003). Since blackberries 
have high respiration rates, firmness and shape are lost quickly if not harvested in cooler 
conditions (Perkins-Veazie, 2017). Fruit firmness is a focus among breeding programs, where 
‘Prime-Ark® Traveler’ is well-known to have a consistent firm berry along with ‘Osage’ (Clark, 
2013; Clark and Salgado, 2016), but there is minimal research of how trellising, canopy 
microclimate, or cane-training techniques could impact firmness or other post-harvest qualities 
like softness, leakage, or decay particularly on cultivars that tend to be more soft or leaky. For 
example, ‘Ouachita’ tends to be leakier but firmer than ‘Osage’ (Clark, 2013), and therefore may 
benefit from alternative trellising systems designed to improve fruit quality.  
Soluble solids (sugars including fructose, glucose, and sucrose) and titratable acidity 
(primary acids including citric acid, malic acid, and isocitric acid) are fruit composition attributes 
that give blackberries a sweet or sour taste (Fait et al, 2008; Fan-Chiang and Wrolstad, 2010; 
Segantini et al., 2017). During blackberry ripening, primary metabolites (sugars, fatty acids, and 
amino acids) biosynthesize to secondary metabolites that increase the soluble solids and decrease 
titratable acidity (Fait et al, 2008; Famiani and Walker, 2009; Segantini et al., 2017). It has been 
observed in previous studies that increased sunlight penetration on trellised blackberry plants can 
increase soluble solids and lower fruit pH, but physiochemical qualities of blackberry fruit are 
more likely influenced by increased secondary metabolite activity during post-harvest storage 
(Palmer et al., 1987; Segantini et al., 2017; Swartz et al., 1984; Vanden Heuvel et al., 2000).  
Due to the strong effect that environmental factors in the field can have on blackberry 
fruit quality and composition (Segantini et al., 2018), caneberry trellising systems that alter 




physical attributes. Raspberries trained on a shift-trellis system resulted in less sunscald due to 
more shading compared to unstructured hedgerows (Vanden Heuvel et al., 2000). It is well 
known that trellising can improve air flow, fruit shading, and plant and fruit sun exposure by 
separating and spreading out dense caneberry canopies (Fernandez et al., 2016a). Airflow in the 
crop canopy can alter disease pressure as fungal spore activity on berries and canes is influenced 
by dense canopy moisture and sun exposure that can cause poor fruit quality (Fernandez et al., 
2016a; Goulart and Demchak, 1993). In general, trellising and pruning blackberries can decrease 
fungal spore activity due to reduced wet conditions and improved air flow throughout the canopy 
(Sanders and Kirkpatrick, 2008).  
A relatively new trellising system for blackberry is the rotating cross-arm (RCA) trellis, 
which is a moveable trellis system consisting of two separate arms that manipulates cane 
orientation such that fruit are positioned to one side of the trellis, usually on the north side, such 
that berries are shaded. Research has shown that RCA trellising can decrease incidences of white 
drupe on ‘Apache’ when RCA rows are orientated east to west with berries facing the north 
(Takeda et al., 2013). In addition to alleviating white drupe, the RCA may minimize anthracnose 
fungal spore activity due to the separating and spreading out of lateral canes in a fan-like position 
to improve canopy air flow based on Goulart and Demchak’s (1993) observations about 
increased air flow reducing disease occurrence in caneberry canopies.  
Cultural management practices, like trellising also have the potential to impact insect pest 
damage to fruit due to changes in canopy structure. The microclimate present in a dense 
blackberry canopy is a preferred environment for spotted wing drosophila (SWD) (Drosophila 
suzukii), green stink bug (Chinavia hilaris) and brown stink bug (Halyomorpha halys) 




and Burrack, 2017; Rolston et al., 1961). How the RCA may impact pest populations relative to a 
traditional T-trellis has not been studied directly, however some impact is expected as the RCA 
reduces the blackberry canopy to a single plane which may alter the potential habitat of several 
major blackberry pests in addition to possibly improving spray coverage penetration on foliage 
(McWhirt et al., 2019). Insect pressure could also be influenced by the ‘edge effect’, where it is 
known that stink bugs, or other pests, move into a field from the edges (Rolston et al., 1961). 
Further understanding of how trellising, specifically RCA trellises, may impact fruit composition 
and post-harvest fruit quality in the Southeast is needed. Therefore, our objectives are to compare 
physical, composition, and post-harvest attributes of blackberries harvested from three 
blackberry cultivars (Osage, Ouachita, and Prime-Ark® Traveler) grown on a RCA trellis and a 
standard T-trellis in the Southeast. 
 
Materials and Methods 
Site Location 
Blackberries were planted in May 2017 at the University of Arkansas System Division of 
Agriculture (UA System) Fruit Research Station in Clarksville, AR (Latitude: 35 ° 31’58” N; 
Longitude: 93 ° 24’12” W) (USDA hardiness zone 7a) as tissue-cultured plugs from North 
American Plants (Lafayette, OR).  The plot location is 0.04 ha with linker fine sandy loam soil 
(Web Soil Survey, USDA.gov). The blackberries were planted in a factorial design with two 
trellis treatments (RCA trellis and T-trellis) and three cultivars (Osage, Ouachita, and Prime-
Ark® Traveler). The limitations of the trellis system rotation at mid-bloom and differences in 
bloom dates mean that cultivars were not randomized across the RCA rows. The RCA (Trellis 




facing north. Each RCA row was 27.43 m by 0.91 m with 3.66 m between each row. There was 
one cultivar planted per row, with three replicate plots (9.14 m) containing six plants per plot 
planted 1.52 m apart in the row. The T-trellis was constructed with 1.53 m high metal T-posts 
spaced 7.62 m to 9.14 m between each T-post following a standard design used in the Southeast 
(Fernandez et al., 2016a). The single T-trellis row consisted of nine plots each 27.43 m long by 
0.91 m wide planted with four plants spaced 0.60 m apart in row. There were three replicate plots 
of each of the three cultivars (Figure 1).  
The long-arm of the RCA was rotated to the flowering position during bud swell and bud 
break of each year. Training of three canes per plant on the RCA followed the method described 
by Takeda et al. (2013), and training and pruning of the canes on the standard trellis followed the 
methods described in the Southeast Regional Caneberry Production Guide (Fernandez et al., 
2016b). This trial was conducted over two harvest seasons in 2019 and 2020. 
 
Trellis Preparation, Fertilization, and Pest Management  
After floricane harvest season in mid-August, dead floricanes were removed from the 
long-arm, and the primocane laterals from the short-arm were transferred to the long-arm canopy 
using wire clips. The primocane laterals were spread out fan-like on the canopy to fill up trellis 
space.  
Standard fertility and insect and disease pest management were implemented through all 
years of the trial (Fernandez et al., 2016c; Oliver et al., 2019). Specifically, a mixture of 11.36 L 
of Sulforix with 378.54 L of water was sprayed in February of both years during delayed 




sprayed once a week for 18 weeks in both 2019 and 2020 to control spotted wing drosophila 
(Drosophila suzukii), stink bug, and broadmite populations.  
Before the primocane transfer on the RCA trellis in August, plant tissue nutrient sampling 
was conducted in late July to determine the next season’s fertilizer rates for the plants. In 2019, 
the RCA and T-trellis were fertilized with 27.22 kg of nitrogen, 27.22 kg of phosphorus, and 
27.22-34.02 kg of potassium with 20-10-20 Peter’s® Professional (ICL Specialty Fertilizers, 
Summerville, SC) for a ten-week period starting April 1st and ending June 3rd . Each week 0.32 kg 
of 20-10-20 was applied to the 100 m of the four trial rows. In 2020, the RCA and T-trellis were 
fertilized with 36.29 kg of nitrogen, 27.22 kg of phosphorus, and 36.29 kg of potassium with 20-
10-20 Peter’s® Professional for a ten-week period starting April 1st and ending June 3rd . Each 
week 0.32 kg of 20-10-20 was applied to the 100 m of the four trial rows. 
 
Temperature, Relative Humidity, and Rainfall   
Maximum and minimum daily air temperature (°C), relative humidity (%), and rainfall 
(cm) readings were recorded every fifteen minutes each day from June 1 to July 31 for 2019 and 
2020 on a WatchDog® weather monitoring station (WatchDog® 2000 Series, Spectrum 
Technologies Inc., Aurora, IL) placed in the northeast corner of the plot.  
 
Berry Surface Temperatures 
Surface berry temperatures (°C) were measured on six, randomly selected ripe 
blackberries from each plot per trellis between 7-8AM and 1-2PM using an Etekcity temperature 
gun (Etekcity, Anaheim, CA). Measurements were taken twice a week (eight weeks in 2019 and 




held 0.30 m from the fruit and was held constant for five to seven seconds on the berry to get a 
steady temperature reading. On the T-trellis, the berry temperatures were taken equally from the 
north and south sides of each plot. Morning and afternoon berry surface temperatures were 
averaged to get a single average of morning and afternoon temperatures.  
 
Fruit Harvest and Grading 
 Only floricane fruit quality data is presented in this chapter. Floricane fruit weight harvest 
occurred twice a week for seven weeks in June and July of 2019 and 2020. Harvest began 
between 7-8AM on both harvest days. Marketable (shiny, fully-ripe blackberries with no damaged 
drupelets or blemishes) and cull (unmarketable berries having wilted or damaged drupelets that 
may have been caused by rain, sunscald (white drupe), fungal issues (anthracnose), insect 
damage, poorly pollinated, diseased or discolored fruit were separated and weighed by plot per 
trellis. Marketable and cull berries were assessed later for post-harvest attributes. 
 Separate fruit samples were collected for post-harvest 7-day cold storage (6 °C) analysis 
in the summer months for seven weeks in 2019 and nine weeks in 2020. Harvest of shiny, fully-
ripe marketable blackberries with no damage were placed into three clamshells (14.54 g per 
clamshell) per plot per trellis occurred once a week between 6-7AM.   
 
Physical Berry Attribute Analysis  
At one harvest per week for seven weeks in June and July of 2019 and 2020, five 
floricane berries from the marketable yield from each plot per trellis were measured for weight, 




Berry firmness: Berries were individually evaluated for firmness (Texture Technologies 
Corporation, Hamilton, MA) measured in Newtons (N). Fruit compression was performed by 
placing an individual blackberry horizontally on a flat surface using a cylindrical and plane probe 
of 7.6 cm diameter at a rate of 2 mm/s with a trigger force of 0.02 N. Force to compress the 
blackberry was measured in Newtons (N). 
Berry size: Berries were individually measured for length (mm) and width (mm) with a 
digital Mitutoyo caliper (MSC Industrial Supply Inc., Melville, NY). 
Berry weight: Berries were individually weighed (g) on an AND EK-300i scale 
(Hogentogler, Columbia, MD). 
 
Berry Composition Attribute Analysis  
The juice from ten undamaged and fully ripe berries harvested once per week (for seven 
weeks in June and July of 2019 and 2020) per plot per trellis were measured for composition 
(soluble solids, pH, and titratable acidity). Whole berries were frozen (-10 °C) at harvest, 
thawed, and squeezed to extract the juice for analysis.  
Soluble solids: Soluble solids (expressed as percent) of the blackberry juice was 
measured using an Atago Pocket Refractometer (Cole-Parmer, Vernon Hills, IL).  
Titratable acidity and pH: The titratable acidity (TA) and pH of the blackberry juice 
were measured using the Titrino plus 862 compact titrosampler (Metrohm AG, Herisan, 
Switzerland) with the electrode standardized to pH 4.00, 7.00, and 10.00 buffers. Titratable 
acidity was determined using approximately 6 g of juice diluted with 50 mL deionized, degassed 
water with titration using 0.1 N sodium hydroxide to an endpoint of pH 8.2. Titratable acidity 




Post-harvest Berry Attribute Analysis   
Post-harvest attributes (drupelet/berry damage and marketability) of the blackberries per 
plot per trellis were evaluated. The drupelet/berry attributes (white drupe, anthracnose, rain 
damage, stink bug damage, and spotted wing drosophila (SWD) (Drosophila suzukii) 
infestations) were assessed at harvest, and the marketability attributes (weight loss, leakage, 
softening, decay, and red drupe reversion) were evaluated after seven days storage at 6 °C.   
Drupelet/berry damage: During two weekly harvests each season for seven weeks in 
June and July of 2019 and 2020, 10 cull (damaged) berries per plot per trellis were assessed for 
white drupe, anthracnose, rain damage, and stink bug damage using a 0 to >6 rating scale based 
on the number of drupelets affected with a rating of “0” indicating no affected drupelets, “1” to 
“5” corresponding to the number of drupelets affected on a fruit, and “>6” indicating a fruit with 
six or more affected drupelets (McWhirt et al., 2019). SWD egg laying in fruit was assessed as 
percent fruit infested (percent of fruit with ≥1 SWD egg present) and as average number of SWD 
eggs found per berry as counted on 15 marketable berries and 15 cull berries per cultivar. Each 
berry was placed under the Accu-Scope microscope (Accu-Scope Inc., Commack, NY) to count 
SWD eggs in berry drupelets. If there were less than thirty berries for a cultivar, it was recorded 
as missing data.  
 
Post-harvest Berry Marketability  
Marketability attributes of berries held for seven days at 6 °C were assessed once per 
week for seven weeks in 2019 and nine weeks in 2020. Blackberries were hand-harvested 
directly into three clamshells (14.54 g per clamshell) (FormTex Plastic Corp, Houston, TX) per 




for analysis. The initial weight of the fruit in the clamshell was recorded. After seven days at 6 
°C, the clamshells were re-weighed to calculate as the percent weight loss of all the blackberries 
in the clamshell. Each berry in the clamshell was counted and fruit assessed for leakage, softness, 
decay, and red drupe reversion. 
Weight loss: The weight loss of fruit in the clamshell was calculated as the weight 
decrease of total blackberries in the clamshell expressed as precent. 
Leakage: For leakage, each berry was rolled on a paper towel where it leaves red spots if 
the berry is leaking. Leakage of the berries in the clamshell was calculated as the number of 
leaking fruit divided by the total number of fruit in the clamshell and expressed as percent.  
Softness: Softness was assessed by gently pressing the berry with the thumb and index 
finger to determine a loss of fruit turgor. Softening of the berries in the clamshell was calculated 
as the number of softening fruit divided by the total number of fruit in the clamshell and 
expressed as percent. 
Decay: Symptoms of decay included wilted drupelets (aged drupelets with lost firmness 
and quality), anthracnose, insect damage, and rain damage. The total decay of the berries in the 
clamshell was calculated as the number of fruit exhibiting symptoms of decay divided by the 
total number of fruit in the clamshell and expressed as percent.  
Red drupe reversion: Red drupe reversion was recorded for each berry in the clamshell 
using the same rating scale (0->6 affected drupelets) as described previously for white drupe, 








This trial was a factorial design with two trellis treatments (RCA trellis and T-trellis) and 
three cultivars (Osage, Ouachita, and Prime-Ark® Traveler). There were three replicate plots for 
each cultivar in both trellis treatments (9 plots and 6 plants per plot in RCA and 9 plots and 4 
plants per plot in the T-trellis) for a total of 18 plots. This trial was conducted over two harvest 
seasons for a total of 14 floricane harvests in 2019 and 2020. 
Floricane Physical Attribute Analysis: For each trellis treatment by cultivar 
combination, five marketable floricane berries were collected per plot once a week for seven 
floricane harvests in 2019 and in 2020 for assessments on berry firmness, size and weight. There 
was 1 sample (5 berries) per each plot (18 plots) for both the 2019 and 2020 floricane seasons. 
First and last harvest dates varied by cultivar and across years.  
Floricane Composition Attribute Analysis: For each trellis treatment by cultivar 
combination, ten marketable floricane berries were collected per plot once a week for seven 
floricane harvests in 2019 and in 2020 for assessments on post-harvest soluble solids, titratable 
acidity, and pH. There was 1 sample (10 berries) per each plot (18 plots) both the 2019 and 2020 
floricane seasons.  
Floricane Post-harvest Attribute Analysis: For each trellis treatment by cultivar 
combination, ten floricane berries were collected from cull harvest per plot once a week for 
fourteen floricane harvests in 2019 and in 2020 for assessments on white drupe, anthracnose, rain 
damage, and stink bug damage. SWD berry infestations were assessed on one sample per cultivar 
by trellis combination (6 samples) once a week for five weeks in 2019 and six weeks in 2020.  
Floricane Post-harvest Marketability: For each trellis treatment by cultivar 




week for seven weeks in 2019 and nine weeks in 2020 for assessments on 7-day post-harvest 
berry weight loss, leakage, decay, softness, and red drupe reversion.  
 
Statistical Analysis  
Statistical analyses were conducted using JMP® (version 15.0; SAS Institute, Cary, NC) 
and SAS glimmix (version 9.4; SAS Institute, Cary, NC). Least significant means comparisons 
were used to determine main factors (trellis and cultivar) and interaction effects. Student-T tests 
were used to compare means for significant differences (p < 0.05). Differences in treatment 
effects between years were significant for several response variables, and so years were analyzed 
separately. Figures were created with each standard error bar constructed using 1 standard error 
from the mean. 
 
Results and Discussion 
The impacts of trellis, cultivar and their interaction on at-harvest and post-harvest 
response variables differed across the two years of the study, likely due to differences in weather, 
pest pressure, and plant health. Our results demonstrate that RCA trellising had the potential to 
impact some characteristics of blackberry fruit quality, composition, marketability and pest 
occurrence and that other variables are more directly cultivar dependent. Cultivar effects were 
found to be significant for nearly all measured response variables and these cultivar-dependent 
differences are well known based on previous studies conducted (Clark, 2013; Clark and Moore, 
2005; Clark and Salgado, 2016). The impacts of trellis and cultivar by trellis interactions on 






Temperature, Relative Humidity, and Rainfall 
The 2019 season was cooler, more humid, and had higher rainfall overall than the 2020 
season (Table 1). For both years, June was cooler than July. Total rainfall was highest overall in 
2019, with June 2019 being much wetter than the average 3.65 cm rainfall typically observed for 
central AR in June) (NWS, 2020) (Table 1). 
 
Berry Surface Temperatures 
 There was no trellis or trellis by cultivar interaction for morning and afternoon floricane 
berry surface temperatures (°C) in 2019 or 2020 (Table 2). In 2019 and 2020, average berry 
temperatures in the morning were 24 °C and average temperatures in the afternoon were 29-30 
°C. The berries were about 5 °C warmer in the afternoon for 2019 and 6 °C warmer in the 
afternoon for 2020. Previous work has found that surface temperatures of floricane berries grown 
on an RCA trellis with rows oriented east to west and berries facing the north tend to be cooler 
due to increased shading (Takeda et al., 2013), but berry temperatures were not significantly 
impacted by trellis in our trial. This may be due to differences in canopy coverage at our site of 
the cultivars evaluated in our trial versus those previously assessed. Our T-trellis row was 
oriented east-west which meant half of the berries on the trellis were on the north side and 
shaded which may have resulted in lower average berry temperatures than on a trellis oriented 
north-south where berries receive shade at different times during the day.  
 
Berry Firmness 
For both the 2019 and 2020 seasons, there was no trellis or trellis by cultivar interaction 




compared to the T-trellis, but firmness was numerically higher on the RCA in 2020. In both 
years, firmness was different across all three cultivars with ‘Prime-Ark® Traveler’ the firmest 
and ‘Osage’ being the least firm (Table 3). ‘Prime-Ark® Traveler’ floricane berries are known to 
be more firm compared to ‘Osage’ and ‘Ouachita’ (Clark and Salgado, 2016; Segantini et al., 
2017), which is evident in our trial. ‘Osage’ by comparison has relatively lower firmness which 
was not improved by cultivation on the RCA trellis in either year. There is minimal published 
research regarding how trellising may impact fruit firmness, though Jennings (2003) found that 
temperature impacts protopectins which are important to fruit firmness. No effect of trellising on 
reducing fruit surface temperature was found in our trial and this may be in part why there was 
no impact on fruit firmness. However, McWhirt et al. (2019) found that fruit firmness was 
improved for ‘Ouachita’ on the RCA relative to the T-trellis on two-year old plants. 
 
Berry Width, Length, and Weight 
A trellis by cultivar interaction was significant for berry width in 2019 (Table 3). ‘Osage’ 
berries grown on the RCA were wider compared to ‘Osage’ berries on the T-trellis, and 
‘Ouachita’ and ‘Prime-Ark® Traveler’ had similar berry width for both trellis treatments (Figure 
2). All berries regardless of cultivar were wider on the RCA compared to the T-trellis in 2020 
(Table 3). For both years, berry length and individual weight were impacted by trellis, where 
berries on the RCA were both longer and heavier than berries on the T-trellis. Takeda et al. 
(2013) and Palmer et al. (1987) concluded that berry size is increased due to the horizontal and 
single plane cane arrangement on the RCA which results in with better light penetration to the 
leaves and canes. Cultivar impacted berry length and weight for both years, where ‘Prime-Ark® 




berries and ‘Osage’ had the shortest berries, and both ‘Prime-Ark® Traveler’ and ‘Ouachita’ had 
heavier berries than ‘Osage’ (Table 3). Clark (2013) acknowledges that berry size, drupelet 
shape, and fill are influenced by cultivar variation, in addition to other factors such as shorter 
laterals and fewer floricanes can influence increased berry size (Goulart and Demchak, 1993; 
Himelrick et al., 2001). Our study found that berry size increased with higher number and longer 
lengths of fruiting laterals on the RCA trellis (data presented in Chapter 2 of this thesis), possibly 
due to increased sunlight exposure to canes on the RCA similar to results by Takeda and Rose 
(2015). The longer and wider berries on the RCA likely resulted in higher weight berries 
observed on the RCA in both years. 
 
Berry Composition Attributes at Harvest 
There was no trellis or trellis by cultivar interaction for soluble solids, titratable acidity 
(TA), or pH in 2019. In 2020, there was a trellis effect on TA and pH (Table 3). The TA was 
higher and pH was lower on berries on the T-trellis compared to berries from the RCA (Table 3). 
The higher temperatures in 2020 along with the increased light interception of separated RCA 
canopies could have influenced the sugar-to-acid ratio, increasing soluble solid content and 
decreasing titratable acidity during ripening, resulting in lower TA of RCA berries (Fait et al., 
2008; Famiani and Walker, 2009; Segantini et al., 2017; Swartz et al., 1984). It has been noted 
by Perkins-Veazie that berries on an RCA trellis were noticeably less sour, which supports our 
findings of lower TA in the RCA for 2020 (Fernandez, 2013). Lower TA values in 2020 
compared to 2019 may be related to the warmer temperatures in 2020 which could have induced 
quicker berry ripening on the RCA, which is associated with a decrease in TA (Segantini, et al., 




variable across years, but ‘Osage’ had the highest soluble solids in 2019 and highest pH in both 
years, ‘Ouachita’ had the highest TA in 2019 and ‘Prime-Ark® Traveler’ had the lowest soluble 
solids in 2020 (Table 3).  
 
White Drupe 
There were no trellis or trellis by cultivar interactions for the incidence of white drupe in 
either year of our study (Table 4). For 2019 and 2020, there was only cultivar impacts for white 
drupe, ‘Ouachita’ and ‘Prime-Ark® Traveler’ having the highest white drupe occurrence in both 
years (Table 4). It is known that ‘Ouachita’ has low incidences of white drupe (Clark and Moore, 
2005), however in our trial white drupe was observed most on ‘Ouachita’ berries located on 
upper sections on the RCA trellis during hot temperatures following heavy rains, but berries 
located in the middle or near the shaded bottom sections had little to no white drupe. Stafne et al. 
(2017) found that white drupe occurred less frequently during long periods of rain followed by 
cloudy weather in Mississippi, but we found more white drupe after rainy periods followed by 
sun on blackberries in Clarksville, AR.   
 
Anthracnose 
In 2019, there was no trellis or trellis by cultivar interaction for the occurrence of 
anthracnose, however there were cultivar impacts, where ‘Osage’ and ‘Ouachita’ had higher 
rates of anthracnose infected berries compared to ‘Prime-Ark® Traveler’ (Table 4). In 2020, 
there were higher occurrences of anthracnose on the T-trellis (0.57) compared to the RCA (0.37) 
(Table 4), and there was no cultivar or interaction effect. The high rates of anthracnose in 2020 




time. Goulart and Demchak (1993) concluded that improved air circulation through the crop 
canopy can minimize disease occurrence, and in the RCA there is improved cane separation and 
a more narrow canopy that likely improves air flow and possibly fungicide spray coverage. 
 
Rain Damage 
Rain damage assessments were not taken in 2019, and there were no trellis or trellis by 
cultivar interactions for rain damage ratings on berries in 2020 (Table 4). It had been 
hypothesized that the RCA might protect berries from damage occurring from rainfall falling 
directly on fruit due to the increased protection of the fruit by the crop canopy, however this was 
not borne out in one year of assessments. 
 
Stink Bug Damage and Spotted Wing Drosophila Infestation 
There was a trellis by cultivar interaction for stink bug damage ratings on fruit in 2019 
but no main or interaction effect in 2020 (Table 4). In 2019, there were higher ratings of stink 
bug damage on T-trellis berries for the ‘Osage’ and ‘Ouachita’ compared to those cultivars 
grown on the RCA, but ‘Prime-Ark® Traveler’ had similar stink bug damage ratings for both 
trellis treatments (Figure 3). The RCA rows containing ‘Osage’ and ‘Ouachita’ were rates of 
damage were lowest were also the center two rows of the experiment, and thus the higher rates of 
damage on the T-trellis may not have been a true trellis effect but may be due to an ‘edge effect’, 
where it is known that stink bugs move into a field from the edges (Rolston et al., 1961). 
In 2020, trellising had an impact on the average number of SWD eggs per berry, where 
SWD eggs per berry were lower on the RCA (0.002) compared to the T-trellis (0.013) (Table 4). 




infestation rates were higher on the T-trellis (39.31 % in 2019 and 11.32 % in 2020) compared 
the RCA (18.15 % in 2019 and 3.65 % in 2020) (Table 4). There were no cultivar or interaction 
effects for either measure of SWD in berries in 2019 or 2020. Diepenbrock and Burrack (2017) 
and Rolston et al. (1961) have found that dense crop canopies increase humidity and shading that 
may benefit SWD and also stink bug populations respectively. Our results demonstrate that RCA 
trellising has the potential to reduce SWD damage to blackberry fruit but it is unclear if these 
results are due to differences in canopy density or differences in spray coverage between the two 
trellis systems. 
 
Post-harvest Berry Weight Loss 
There was a trellis by cultivar interaction for post-harvest weight loss for berries in 
clamshells in 2019 (Table 5), where ‘Osage’ berries had higher weight loss on the T-trellis than 
the RCA, and ‘Ouachita’ and ‘Prime-Ark® Traveler’ had similar weight loss for both trellis 
treatments (Figure 4). In 2020, there was a trellis effect for fruit weight loss, where weight loss 
was higher on the T-trellis compared to the RCA in 2020. Perkins-Veazie (2017) concludes that 
high respiration rates during post-harvest storage and/or high temperatures can impact weight 
loss, and our results due indicate the potential of trellising to impact weight loss in post-harvest. 
Our results however were not consistent in indicating that the RCA trellis can reduce fruit weight 
loss for call cultivars in all years and our results are not associated with an in-situ difference in 
berry temperature (Table 2), therefore it is difficult to determine what mechanism is resulting in 






Post-harvest Berry Leakage 
There was a trellis by cultivar interaction for leakage in 2019 (Table 5), where fruit 
leakage for ‘Prime-Ark® Traveler’ was higher on the T-trellis compared to the RCA, and 
‘Osage’ and ‘Ouachita’ had similar leakage for both trellis treatments (Figure 5). Overall, rates 
of leakage were higher in 2020 and coincided with higher average air temperatures during that 
year (Table 1). For 2020, ‘Prime-Ark® Traveler’ floricane berries had the highest leakage 
followed by ‘Osage’ and ‘Ouachita’ (Table 5). ‘Prime-Ark® Traveler’ is known to have higher 
leakage compared to other cultivars according to Clark and Salgado (2016). Perkins-Veazie 
observed that rainwater droplets on berries on a rotating cross-arm trellis did not remain on the 
berries very long, and as a result there was less leakage observed during post-harvest (Fernandez, 
2013). During the rainiest year, 2019, we did see that RCA trellising reduced fruit leakage on the 
cultivar most prone to leakage (‘Prime-Ark® Traveler’), however assessments of rain damage 
were not conducted in this year.  
 
Post-harvest Berry Softening 
There was no trellis by cultivar interaction for berry softening in 2019 and 2020. 
However, for both years post-harvest fruit softening was higher on RCA berries compared to T-
trellis berries (Table 5). Cultivar also impacted softening for both years, where ‘Osage’ had the 
highest ratings of softening for both years compared to the other cultivars (Table 5). Our results 
differ from a study conducted by Segentini et al. (2017) on genotypes after storage, where 
‘Prime-Ark® Traveler’ and ‘Ouachita’ berries were softest compared to other cultivars. Clark’s 
(2013) study on ‘Osage’ found high levels of softness in the first year, but reduced occurrence of 




occurrence of softening, but there is limited research on how trellising may impact softening. It 
has been known that overripe fruit tend to be softer due to higher rates of ethylene (a ripening 
hormone) from warmer field temperatures and sun exposure (Fait et al., 2008; Perkins-Veazie, 
2017). Our results on berry surface temperature do not support that berries were warmer on the 
RCA however we do hypothesize that berries may have been harvested at a slightly more ripe 
stage on the RCA than berries on the T-trellis. Berries being shaded on the RCA often meant it 
was difficult to determine ripeness level and berries may have been harvested slightly later and 
once slightly softer than berries on the T-trellis. However, based on observations and 
measurements of firmness, both RCA and T-trellis berries had similar firmness immediately after 
harvest (Threlfall et al., 2016). Results from lower TA and higher soluble solid levels in the RCA 
could also suggest that berries on the RCA ripened quicker (Table 3), leading to more post-
harvest softening. In 2013, it was observed by Perkins-Veazie that the RCA trellis actually 
reduced berry softening occurrence after heavy rain periods (Fernandez, 2013), but this was not 
evident in our results.  
 
Post-harvest Berry Decay 
There was a trellis by cultivar interaction for decay in 2019 (Table 5). Only ‘Osage’ had 
higher levels of decay on the T-trellis relative to the RCA, whereas ‘Ouachita’ and ‘Prime-Ark® 
Traveler’ had similar decay for both trellis treatments in 2019 (Figure 6). In 2020, decay was 
higher on the T-trellis compared to the RCA, and ‘Prime-Ark® Traveler’ and ‘Ouachita’ had 
higher decay than ‘Osage’ (Table 5). While only marketable berries were chosen for post-harvest 
analysis, the observed higher incidences of decay of berries on the T-trellis could be related to 




this damage is difficult to detect immediately after it occurs in the field. Additionally, the narrow 
canopy of the RCA could result in more air flow throughout the canopy and which would result 
in berries drying quicker, reducing secondary fungal diseases that could lead to fruit decay 
(Goulart and Demchak, 1993). 
 
Post-harvest Berry Red Drupe Reversion 
Only in 2020 did trellis impact red drupe reversion where berries on the RCA had lower 
red drupe reversion (0.50) compared to berries on the T-trellis (0.92) (Table 5). In 2019 and 
2020, red drupe reversion was also impacted by cultivar, where ‘Osage’ had the lowest rating of 
red drupe reversion for both years (Table 5). Previous work has shown that red drupe reversion is 
caused by high heat, high nitrogen rates, or post-harvest handling (Edgley, 2017; McCoy et al., 
2016; Pérez-Pérez et al., 2018). In our results, we did not see differences in morning and 
afternoon berry surface temperatures across the trellis treatments and harvest practices and 
nitrogen application rates were uniform across both trellising systems. It is unclear if reduced 
sunlight exposure to fruit in the field on the RCA may be contributing to the reduced occurrence 
of red drupe reversion or if some other factor that is influenced by trellis system may also be 
contributing. The reduction in occurrence of red drupe reversion was variable across years.   
 
Conclusions 
 The rotating cross-arm (RCA) trellis showed potential to minimize post-harvest 
blackberry weight loss, leakage, decay for some cultivars, and in some years reduced 
anthracnose and red drupe reversion. We hypothesized that white drupe would be lower on the 




this may be due to the low rates of white drupe that were observed overall in our trial. Stink bug 
populations were higher on the T-trellis for some cultivars in 2019, but these results may have 
been caused by the ‘edge effect’ rather than a trellis effect. For both years, spotted wing 
drosophila (SWD) infestations were lower on RCA berries compared to T-trellis berries, which is 
major result from our study and may provide growers who face high economic losses from SWD 
a cultural practice solution to reduce pest pressure. It is hypothesized that the positioning of RCA 
canes in a narrow canopy may have reduced favorable habitat for SWD. For both years, the RCA 
improved berry size and weight, which are significant marketable traits for fresh-market 
blackberry production. Blackberry compositional qualities such as titratable acidity (TA) was 
lower and pH was higher on the RCA in 2020 but were more influenced by cultivar for both 
years. Other post-harvest and composition attributes like firmness and soluble solids were 
influenced by cultivar and Southeast climate conditions rather than by trellis, but more research 
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Chapter 3 Tables 
 
 
Table 1. Means of maximum and minimum temperature, relative humidity, and total rainfall for 




























June 28.8 18.7 80.05 19.25
July 30.8 21.0 80.04 8.31
June 30.0 19.8 75.38 3.94






Table 2. Main and interaction effects of trellis and cultivar on morning and afternoon berry 
surface temperatures of three blackberry cultivars on the rotating cross-arm (RCA) trellis and a 
T-trellis at Clarksville, AR in 2019 and 2020. 
 
 
ᶻMorning berry surface temperatures taken in between 7-8AM, averaged from 6 berries 
per plot.  





















Prime-Ark® Traveler 24.3 29.6
P value 0.6417 0.1040
T*CV Interaction








Prime-Ark® Traveler 24.6 30.1
P value 0.3144 0.6131
T*CV Interaction






Table 3. Main and interaction effects of trellis and cultivar on physical and compositional 
attributes of floricane fruit of three blackberry cultivars on the rotating cross-arm (RCA) trellis 
and a T-trellis at Clarksville, AR in 2019 and 2020. 
 
 
ᶻFirmness (N) is the compression force of an individual berry, averaged from 5 fresh, marketable 
berries per plot once a week.  
ʸWidth (mm) is the width across an individual berry, averaged from 5 fresh, marketable berries 
per plot once a week.  
ˣLength (mm) is the length from stem tip to bottom tip on an individual berry, averaged from 5 
fresh, marketable berries per plot once a week.  
ʷWeight (g) is the weight of an individual berry, averaged from 5 fresh, marketable berries per 
plot once a week.   
ᵛSoluble solids from 1-2 drops of juice expressed as % brix, averaged from 10 frozen berry juice 
samples per plot collected once a week.  
ᵘTitratable acidity in approximately 6 g of juice mixed with 50 mL of degassed de-ionized water 
expressed as a percentage of citric acid, averaged from 10 frozen berry juice samples per plot 
collected once a week.  
ᵗpH of approximately 6 g of juice mixed with 50 mL of degassed de-ionized water, averaged 
from 10 frozen berry juice samples per plot collected once a week.  
sMeans with different letters for each attribute within effects are significantly different (p < 0.05) 
















RCA 5.9874 22.98 aˢ 24.99 a 7.69 a 10.4 0.776 3.51
T-trellis 6.1480 22.11 b 23.56 b 6.59 b 10.0 0.801 3.47
P value 0.4131 0.0302 0.0339 0.0006 0.1142 0.5843 0.1772
Cultivar (CV)
Osage 4.8010 c 22.71 a 22.16 c 6.56 b 10.6 a 0.660 b 3.64 a
Ouachita 5.3778 b 23.14 a 24.64 b 7.73 a 9.8 b 0.994 a 3.32 c
Prime-Ark® Traveler 8.7408 a 21.61 b 26.91 a 7.27 a 10.0 b 0.719 b 3.48 b
P value <0.0001 0.0026 <0.0001 0.0026 0.0153 <0.0001 <0.0001
T*CV Interaction
P value 0.5284 0.0364 0.2899 0.1563 0.3618 0.8068 0.7366
Trellis (T)
RCA 6.0534 21.21 a 26.11 a 7.52 a 11.5 0.639 b 3.68 a
T-trellis 6.0237 19.32 b 23.89 b 6.56 b 11.4 0.723 a 3.59 b
P value 0.3399 0.0370 0.0171 <0.0001 0.3310 0.0068 0.0112
Cultivar (CV)
Osage 4.7266 c 19.67 b 22.79 c 6.17 b 11.7 a 0.605 b 3.75 a
Ouachita 5.3900 b 21.64 a 25.02 b 7.46 a 11.6 a 0.768 a 3.53 b
Prime-Ark® Traveler 8.4219 a 19.57 b 27.82 a 7.46 a 10.8 b 0.695 a 3.59 b
P value <0.0001 0.0097 <0.0001 <0.0001 0.0084 <0.0010 <0.0010
T*CV Interaction






Table 4. Main and interaction effects of trellis and cultivar of white drupe, anthracnose, rain 
damage, stink bug damage average number of SWD eggs per berry, and spotted wing drosophila 
(SWD) berry infestation (%) of floricane fruit of three blackberry cultivars on the rotating cross-
arm (RCA) trellis and a T-trellis at Clarksville, AR in 2019 and 2020. 
 
 
ᶻFloricane berry white drupe, anthracnose, rain damage (only assessed in 2020), and stink bug 
damage ratings calculated as number of drupelets affected from a scale (0->6 affected drupelets) 
at harvest, averaged from 10 cull berries per plot twice a week.  
ʸAverage number of spotted wing drosophila (SWD) eggs per berry (no.) assessed from 15 
marketable berries and 15 cull berries per cultivar from the RCA and T-trellis.  
ˣNumber of berries with ≥1 SWD egg calculated as percent of total berries assessed from 15 
marketable berries and 15 cull berries per cultivar from the RCA and T-trellis.  
ʷMeans with different letters for each attribute within effects are significantly different (p < 0.05) 


















RCA 0.16 0.18 . 0.96 bʷ 0.021 18.15 b
T-trellis 0.15 0.16 . 1.65 a 0.052 39.31 a
P value 0.6264 0.8528 . <0.0001 0.0874 0.0240
Cultivar (CV)
Osage 0.05 b 0.25 a . 1.30 0.053 38.80
Ouachita 0.26 a 0.21 a . 1.31 0.035 27.60
Prime-Ark® Traveler 0.17 a 0.02 b . 1.33 0.014 13.83
P value 0.0002 0.0022 . 0.9764 0.1874 0.0694
T*CV Interaction
P value 0.7541 0.6679 . 0.0371 0.2199 0.3659
Trellis (T)
RCA 0.36 0.37 b 1.23 0.63 0.002 b 3.65 b
T-trellis 0.50 0.57 a 1.06 0.72 0.013 a 11.32 a
P value 0.0656 0.0414 0.5859 0.1968 0.0217 0.0152
Cultivar (CV)
Osage 0.19 b 0.57 1.14 0.72 0.008 6.86
Ouachita 0.68 a 0.41 1.25 0.54 0.009 10.00
Prime-Ark® Traveler 0.47 a 0.43 0.95 0.79 0.003 5.67
P value <0.0001 0.2276 0.4584 0.0737 0.6229 0.4949
T*CV Interaction






Table 5. Main and interaction effects of trellis and cultivar of 7-day post-harvest storage weight 
loss, leakage, softening, decay, and red drupe reversion of floricane fruit of three blackberry 




ᶻWeight loss, leakage, softening, and decay calculated as percent of berries affected after 7 days 
cold storage, averaged from berries in 3 full, half-pint clamshells per plot once a week.  
ʸRed drupe reversion calculated as ratings of drupelets affected from a ratings scale (0->6 
affected drupelets) after 7 days cold storage, averaged from berries in 3 full, half-pint clamshells 
per plot once a week.  
ˣMeans with different letters for each attribute within effects are significantly different (p < 0.05) 











RCA 6.52 19.22 55.72 aˣ 31.12 a 0.76
T-trellis 6.67 22.20 45.72 b 37.54 b 0.74
P value 0.6539 0.0952 <0.0001 0.0010 0.7095
Cultivar (CV)
Osage 6.96 a 16.70 b 60.98 a 34.37 ab 0.53 b
Ouachita 6.89 a 14.95 b 50.82 b 31.12 b 0.83 a
Prime-Ark® Traveler 5.75 b 32.70 a 37.58 c 37.67 a 0.95 a
P value <0.0001 <0.0001 <0.0001 0.0151 0.0003
T*CV Interaction
P value 0.0196 0.0004 0.0799 0.0039 0.2744
Trellis (T)
RCA 5.84 b 29.17 49.20 a 33.85 b 0.50 b
T-trellis 6.43 a 26.53 41.98 b 38.88 a 0.92 a
P value 0.0303 0.4390 0.0032 0.0088 <0.0001
Cultivar (CV)
Osage 6.35 25.20 b 61.01 a 32.04 b 0.47 b
Ouachita 6.09 22.62 b 35.50 b 38.28 a 0.90 a
Prime-Ark® Traveler 5.87 39.96 a 36.37 b 40.35 a 0.82 a
P value 0.3724 <0.0001 <0.0001 0.0012 <0.0001
T*CV Interaction










Fig. 1. Representation of the factorial design plot layout with two trellis treatments (RCA trellis 
and a standard T-trellis) and three blackberry cultivars (Osage, Ouachita, and Prime-Ark® 
Traveler) at the University of Arkansas System Division of Agriculture (UA System) Fruit 










































































































Fig. 2. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars 
(Osage, Ouachita, and Prime-Ark® Traveler) on floricane blackberry berry width (mm) at 
Clarksville, AR (2019). Each standard error bar is constructed using 1 standard error from the 









































Fig. 3. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars 
(Osage, Ouachita, and Prime-Ark® Traveler) on stink bug damage (rating of 0->6 affected 
blackberry drupelets) on floricane berries at Clarksville, AR (2019). Each standard error bar is 
constructed using 1 standard error from the mean. Means with different letters for each attribute 






















































Fig. 4. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars 
(Osage, Ouachita, and Prime-Ark® Traveler) on post-harvest floricane berry weight loss (%) at 
Clarksville, AR (2019). Each standard error bar is constructed using 1 standard error from the 
mean. Means with different letters for each attribute are significantly different (p < 0.05) using 


















































Fig. 5. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars 
(Osage, Ouachita, and Prime-Ark® Traveler) on post-harvest floricane berry leakage (%) at 
Clarksville, AR (2019). Each standard error bar is constructed using 1 standard error from the 





















































Fig. 6. Effects of trellis (rotating cross-arm (RCA) trellis and a T-trellis) and blackberry cultivars 
(Osage, Ouachita, and Prime-Ark® Traveler) on post-harvest floricane berry decay (%) at 
Clarksville, AR (2019). Each standard error bar is constructed using 1 standard error from the 











































CHAPTER 4: Yield and Post-harvest Fruit Quality of a Primocane-fruiting Cultivar 
Grown on a Rotating Cross-Arm and T-trellis 
Abstract 
Blackberry breeding programs have recently focused on primocane-fruiting cultivars 
that have the potential for double-cropping. However, these cultivars are challenging to grow for 
the high-value primocane crop in the southeastern United States due to high heat during 
flowering which reduces fruit set and quality. As growers turn to new trellis systems, like the 
rotating cross-arm (RCA) trellis for blackberry production in the Southeast they need 
information on how primocane fruiting cultivars may perform on the RCA and how they may 
impact yield and fruit quality. A trial was established in May 2017 at University of Arkansas 
System (UA System) Division of Agriculture Fruit Research Station in Clarksville, AR to 
evaluate how the RCA trellis and standard T-trellis impact primocane fruit yield and quality 
attributes utilizing ‘Prime-Ark® Traveler’. Data was collected in 2019 and 2020, on counts of 
flower and berry numbers per lateral in different parts of the canopy, primocane fruit yield 
(marketable yield per plant, marketable yield per row meter (yield per m), cull (%), average 
berry weight), berry temperature, berry physical attributes (weight, size, and firmness), berry 
composition attributes (soluble solids, pH, titratable acidity) and post-harvest attributes 
(drupelet/berry damage and marketability). Variables such as delayed primocane tipping on the 
T-trellis in 2020, hail damage, fire blight and spur blight, possible high heat stress, and plant age 
differences on the RCA resulted in varying responses of both trellis treatments. In 2019, most 
measures of flower and berry number were similar between the T-trellis and the RCA, however 
there were fewer berries on distal laterals on the RCA and marketable yield per m was also lower 




yield per plant was higher on the RCA but yield per m was not different between the trellis 
systems. RCA primocane berries had higher average berry weight in both years (6.23 g, 6.32 g 
respectively) compared to berries on the T-trellis (5.00 g, 5.23 g) and in 2019 berries were also 
wider and longer. In 2020 berry temperature in the RCA was higher than on the T-trellis, and 
ratings of white drupe were also higher and these results may be due to primocane fruit being 
more exposed on the RCA due to the separation of the floricane and primocane canopies. 
Primocane berry compositional and post-harvest qualities were largely not affected by trellis 
treatments, but fruit soluble solids and leakage were lower on the RCA in 2019, and fruit weight 
loss after seven days of storage was lower on the RCA in 2020. These results indicate that the 
RCA trellis has potential to improve some physical measures of primocane fruit quality, but 
primocane post-harvest potential may not improve on an RCA trellis.   
 
Introduction 
The University of Arkansas System Division of Agriculture (UA System) fruit breeding 
program breeds blackberry cultivars suited for the southeastern United States difficult climatic 
conditions and high pest pressure (Fernandez et al., 2016a). Blackberry plants typically produce 
fruit on floricanes (second year growth), but primocane-fruiting blackberries produce fruit on 
first year primocanes (Strik, 2017). Primocane-fruiting cultivars have become a significant focus 
in blackberry breeding for their potential to expand the production season (Clark, 2008). The UA 
System was the first to release primocane-fruiting plants (Clark and Finn, 2008). ‘Prime-Jan®’, 
‘Prime-Jim®’, ‘Prime-Ark® Traveler’, ‘Prime-Ark® Freedom’, and ‘Prime-Ark® 45’ are 
common primocane-fruiting cultivars grown in the southeastern United States and many other 




 In general, primocane-fruiting cultivars yield best when daily high temperatures are 
between 25 to 30 °C during bloom and fruit set (Segantini et al., 2018). In Arkansas, primocane-
fruiting blackberries begin to flower and fruit in mid-summer when average daily high 
temperatures range from 32 to 40 °C (Segantini et al., 2018). Clark and Salgado (2016) found 
that primocane-fruiting cultivars, including ‘Prime-Ark® Traveler’, have reduced yield in 
Arkansas relative to regions with more moderate summer climates like the Pacific Northwest.  
Primocane-fruiting yield can vary by location and management practices, but double-
cropping (floricanes and primocanes producing in the same year) has been found to sometimes 
reduce primocane yield in Arkansas and not to reduce primocane yield in other regions (Drake 
and Clark, 2003; Strik et al., 2012). Yield of primocane-fruiting blackberries is dependent on 
management styles of training and soft-tipping that influence the number of fruiting lateral 
primocanes and primocane berry size and weight (Strik et al., 2012). Summer soft-tipping of 
primocanes before main primocane inflorescence increases lateral branch, number of fruiting 
node per cane, however soft-tipping after inflorescence development reduces yield (Drake and 
Clark, 2003). Primocane yield reduction can also be caused by denser foliar canopies, where 
tipping practices of primocanes can causes more lateral cane growth and result in dense canopies 
depending on spacing between plants (Cortell and Strik, 1997; Swartz et al., 1984).  
During harvest in the Southeast, heavy rainfall, high heat, and sun exposure can influence 
disease and fruit quality. One of the most common fungal problems affecting fruit in the 
Southeast is anthracnose (Elsinoë veneta), which thrives in wet and humid environments 
following rainfall and high heat which increases risk for fruit infection between bud break and 




Drupelet discoloration can be caused by a variety of factors from environmental 
conditions, microclimatic changes, or drupelet bruising. There are also physiological disorders 
that can also affect fruit quality. Red drupe reversion, or red cell reversion, is when black 
drupelets on blackberries turn red, and it occurs due to internal pH change and damaged internal 
cells that deteriorate anthocyanins (Edgley, 2017; McCoy et al., 2016; Pérez-Pérez et al., 2018; 
Perkins-Veazie et al., 1996; Perkins-Veazie, 2017). Sudden temperature changes during storage, 
as well as harvesting blackberries in warmer temperatures can influence the occurrence of red 
drupe reversion (Edgley, 2017; McCoy et al., 2016; Pérez-Pérez et al., 2018). White drupe 
disorder is a common disorder in high temperature regions such as the Southeast (Bolda, 2009). 
White drupe in blackberries is believed to be caused by high ultraviolet (UV) light exposure and 
low relative humidity that result in a white discoloration or sunscald that occurs most often on 
ripening berry drupelets (Bolda, 2009; McWhirt, 2017; Stafne et al., 2017; Strik, 2017; Takeda et 
al., 2013). While it is known that white drupe disorder occurs more often on certain cultivars 
such as ‘Apache’ and ‘Kiowa’, it can occur on all cultivars when conditions are conducive 
(Fernandez, 2015). However, recent studies have shown that shadecloth and rain can minimize 
the occurrence of white drupe, suggesting that white drupe is likely influenced more by high UV 
exposure (Stafne et al., 2017).  
 Additionally, blackberry quality can deteriorate quickly after harvest which can pose 
challenges for fresh-market growers (Lawrence and Melgar, 2018). Blackberry fruit have high 
respiration rates, leading to potential weight loss, softening, and vulnerability to mold and when 
refrigerated blackberries have a maximum shelf-life of only two days to two weeks (Perkins-
Veazie and Fernandez, 2013). Leakiness, softening, and decay are common qualities that lead to 




high respiration rates during storage (Liu, 2014; Perkins-Veazie et al., 1999; Perkins-Veazie, 
2017). Many of these unmarketable qualities can be limited with careful handling and immediate 
cooling after harvest (Lawrence and Melgar, 2018), however conditions in the field also impact 
storage quality. For example, harvesting in the rain could potentially influence the rate of decay 
and berry firmness during post-harvest storage.   
Intolerance of blooms has been observed to be a common issue for primocane-fruiting 
cultivars grown in Arkansas where summer temperatures exceeding 32 °C can damage flower 
and fruit set (Clark, 2008). Primocane-fruiting cultivars in the Southeast often have issues with 
poor berry size, deformed shape, and unfilled drupelets caused by high heat stress (Clark, 2008). 
Berry size and weight are determined by shape, number of drupelets, drupelet-fill qualities, and 
ovule set that vary among cultivars (Clark, 2013; Strik et al., 1996), but can be influenced greatly 
by cane positioning of trellis systems where enhanced sunlight in the divided canopies can 
increase berry size (Palmer et al., 1987). The impacts of trellising type on primocane-fruiting 
blackberry yield or fruit quality in the Southeast has not been evaluated. 
A significant marketable trait of blackberry fruit is firmness. Berry firmness is influenced 
by protopectins in the intercellular structures of blackberry drupelets which act like cement to 
give blackberries a firm texture, but hydrolysis and high respiration rates and warmer conditions 
during ripening decrease protopectin activity (Jennings, 2003; Segantini et al., 2018). Since 
blackberries have high respiration rates, firmness and shape are lost quickly if not harvested in 
cooler conditions (Perkins-Veazie, 2017). Fruit firmness is a focus among breeding programs, 
but there is minimal research of how trellising, canopy microclimate, or cane training techniques 
could impact firmness or other post-harvest qualities like softness, leakage, or decay particularly 




Heat intolerance of primocane-fruiting cultivars can have impacts on berry composition 
where it has been found that high heat during blackberry fruit ripening can influence soluble 
solid (sugars) levels which can negatively impacts flavor (Clark, 2008). Soluble solids and 
titratable acidity (primary acids) are composition attributes that give blackberries a sweet or sour 
flavor (Fait et al, 2008; Segantini et al., 2017). Both floricane and primocane berry soluble solids 
and titratable acidity are influenced by weather conditions and management, but primocane-
fruiting cultivars may differ in compositional qualities from floricane fruit because primocanes 
set fruit mid-summer when temperatures are higher and more water is needed from irrigation 
(Segantini et al., 2018). Minimal rainfall can also contribute to higher soluble solid content, 
where blackberry glucose and fructose (the majority of soluble solids) is known to increase with 
minimal rainfall (Segantini et al., 2018; Threlfall, 2020 personal communication). It has been 
observed in previous studies that increased sunlight penetration on trellised plants can increase 
soluble solids and lower pH, but physiochemical qualities are most likely influenced more by 
increased secondary metabolite activity during post-harvest storage (Palmer et al., 1987; 
Segantini et al., 2017; Swartz et al., 1984; Vanden Heuvel et al., 2000).  
Due to the strong effect of environmental factors on impacting blackberry fruit quality 
and composition (Segantini et al., 2018), trellising systems also have potential to influence these 
factors for caneberries. It is well known that trellising can improve air flow, shading, and 
adequate sun exposure by separating and spreading out dense canopies which can alleviate 
fungal spore activity and provide adequate sun exposure on berries.  
A relatively new trellising system is the rotating cross-arm (RCA) trellis, which is a 
moveable trellis system consisting of two separate arms that manipulates the orientation of the 




the north side, such that berries are shaded. However due to the cane-training methods along the 
short-arm south side of the trellis, primocane-fruiting cultivars grown on a RCA trellis will 
produce primocane fruit on the south side.   
Research has shown that the RCA trellis can decrease incidences of white drupe on 
‘Apache’ when RCA rows are orientated east to west with floricane berries facing the north 
(Takeda et al., 2013). However, the short-arm of the trellis is located on the south side and where 
the primocane growth is trained. There is minimal foliar shading on the south side of the RCA, 
and UV exposure is more intense on primocane berries and leaves which given the higher 
temperatures during mid-summer when primocane cultivars flower and fruit could have potential 
negative impacts on primocane post-harvest and composition (Segantini et al., 2018).  
Another benefit of the RCA is that it could minimize anthracnose fungal spore activity 
due to the separating and spreading out lateral canes and separation of the floricanes and 
primocanes which increases air flow throughout the canopy. In general, caneberry plants that are 
trellised and pruned to a more open canopy lower fungal spore activity due to reduced wetness 
and improved air flow through the canopy (Sanders and Kirkpatrick, 2008). Cultural 
management practices, like trellising also have the potential to impact insect pests damage to 
fruit. A dense blackberry canopy microclimate is preferable for green stink bugs (Chinavia 
hilaris) and brown stink bugs (Halyomorpha halys) which can damage blackberry fruit through 
feeding (Rolston et al., 1961).  
Further understanding of how trellising, specifically RCA trellises, may impact 
primocane fruit composition and post-harvest fruit quality in the Southeast is needed. Therefore, 




numbers), physical, composition, and post-harvest attributes of primocane blackberries harvested 
from the cultivar Prime-Ark® Traveler grown on a RCA trellis and a T-trellis in Arkansas.  
 
Materials and Methods 
Site Location 
Blackberries were planted in May 2017 at the University of Arkansas System Division of 
Agriculture (UA System) Fruit Research Station in Clarksville, AR (Latitude: 35 ° 31’58” N; 
Longitude: 93 ° 24’12” W) (USDA hardiness zone 7a) as tissue-cultured plugs from North 
American Plants (Lafayette, OR).  The plot location is 0.04 ha with linker fine sandy loam soil 
(Web Soil Survey, USDA.gov). The blackberries were planted in a factorial design with two 
trellis treatments (RCA trellis and T-trellis) and three cultivars (Osage, Ouachita, and Prime-
Ark® Traveler). However, only the Prime-Ark® Traveler cultivar will be the focus of this 
chapter. The limitations of the trellis system rotation at mid-bloom and differences in bloom 
dates mean that cultivars were not randomized across the RCA rows. The RCA (Trellis Growing 
Systems, Fort Wayne, IN) had three rows running east to west with the canopy side facing north. 
The RCA ‘Prime-Ark® Traveler’ row was 27.43 m by 0.91 m with three replicate plots (9.14 m) 
containing six plants per plot planted 1.52 m apart in the row. The T-trellis was constructed with 
1.53 m high metal T-posts spaced 7.62 m to 9.14 m between each T-post (Fernandez et al., 
2016b). The single T-trellis row consisted of three replicate ‘Prime-Ark® Traveler’ plots each 
3.05 m long by 0.91 m wide with four plants spaced 0.60 m apart in row (Figure 1).  
The long-arm of the RCA was rotated to the flowering position during bud swell and bud 
break of each year. Training of three canes per plant on the RCA followed the method described 




described in the Southeast Regional Caneberry Production Guide (Fernandez et al., 2016c). This 
trial was conducted over two harvest seasons in 2019 and 2020. 
 
Trellis Preparation, Fertilization, and Pest Management  
After floricane harvest season in mid-August, dead floricanes were removed from the 
long-arm, and the primocane laterals from the short-arm were transferred to the long-arm canopy 
using wire clips. The primocane laterals were spread out fan-like on the canopy to fill up trellis 
space.  
Standard fertility and insect and disease pest management were implemented through all 
years of the trial (Fernandez et al., 2016d; Oliver et al., 2019). Specifically, a mixture of 11.36 L 
of Sulforix with 378.54 L of water was sprayed in February of both years during delayed 
dormancy in both trellis systems when temperatures were above 3-4 °C. Insecticides were 
sprayed once a week for 18 weeks in both 2019 and 2020 to control spotted wing drosophila 
(Drosophila suzukii), stink bug, and broadmite populations.  
Before the primocane transfer on the RCA trellis in August, plant tissue nutrient sampling 
was done in late July to determine the next season’s fertilizer rates for the plants. In 2019, the 
RCA and T-trellis were fertilized with 27.22 kg of nitrogen, 27.22 kg of phosphorus, and 27.22-
34.02 kg of potassium with 20-10-20 Peter’s® Professional (ICL Specialty Fertilizers, 
Summerville, SC) for a ten-week duration starting April 1st and ending June 3rd . Each week 
during the ten-week duration, 0.32 kg of 20-10-20 was applied to the 100 m of the four trial 
rows. In 2020, the RCA and T-trellis were fertilized with 36.29 kg of nitrogen, 27.22 kg of 




duration starting April 1st and ending June 3rd . Each week during the ten-week duration, 0.32 kg 
of 20-10-20 was applied to the 100 m of the four trial rows. 
 
RCA Primocane Training (2018-2019)  
Training of the primocanes along the bottom wire was conducted in the second year of 
production beginning in 2018. Three new growth primocanes were bent and tied with 2.5 mil 
Presco flagging tape once the tip reached 0.13 m past the first bottom wire of the short-arm. All 
buds, laterals, and leaves were removed below the point of the bend of the retained primocanes. 
And to encourage lateral growth of the retained primocanes along the bottom short-arm wire, 
leaf growth next to the lateral shoot bud was removed. Once the retained primocanes reached the 
adjacent plant, the tip was removed to encourage lateral growth up the short-arm.  
 
RCA Primocane Training (2020) 
 Different primocane training methods for RCA ‘Prime-Ark® Traveler’ were 
implemented in 2020 for a separate trial. 
 
Temperature, Relative Humidity, and Rainfall   
Maximum and minimum daily air temperature (°C), relative humidity (%), and rainfall 
(cm) readings were recorded every fifteen minutes each day from June 1 to August 31 for 2019 
and 2020 on a WatchDog® weather monitoring station (WatchDog® 2000 Series, Spectrum 






Flower & Berry Counts   
The primocane-fruiting cultivar, ‘PrimeArk® Traveler’, starts producing flowers and 
green berries in late June and early July. A base, middle, and distal lateral on a main primocane 
on the RCA and T-trellis were marked with ribbon and counted for flowers at 50% bloom and 
berries at green/pink berry stage. Flower and berry counts of the proximal, middle, and distal 
lateral and the totals per plant were averaged to get a single average per lateral part per plant. A 
count from flowers to berries does not necessarily mean the berries were lost or dead, but instead 
represents differences in time from flower to berry development.  
 
Berry Surface Temperatures 
Surface berry temperatures (°C) were measured on six, randomly selected ripe primocane 
blackberries from each ‘Prime-Ark® Traveler’ plot per trellis between 7-8AM and 1-2PM using an 
Etekcity temperature gun (Etekcity, Anaheim, CA). Measurements were taken twice a week 
(three weeks in 2019 and eight weeks in 2020) from green to ripe berry stage on primocane 
crops. The temperature gun was held 0.30 m from the fruit and was held constant for five to 
seven seconds on the berry to get a steady temperature reading. On the T-trellis, the berry 
temperatures were taken equally from the north and south sides of each plot. Morning and 
afternoon berry surface temperatures were averaged to get a single average of morning and 
afternoon temperatures.  
 
Fruit Harvest and Grading 
 Primocane fruit weight harvest was twice a week for eleven weeks (mid-July-September) 




7-8AM on both harvest days per week. Marketable and cull (damaged) fruit were separated. 
Marketable berries were selected as berries that were shiny, fully ripe blackberries with no 
damaged drupelets or blemishes, and cull berries were selected as unmarketable berries having 
wilted or damaged drupelets that may have been caused by rain, sunscald (white drupe), fungal 
issues (anthracnose), insect damage, or poor pollination. Primocane yield was weighed in 
kilograms for marketable yield per plant and marketable yield per m (assessed as yield/spacing 
between each plant in 2019 and assessed as yield per plant canopy width in meters in 2020). Cull 
(unmarketable) yield was calculated in percent from each harvest, and cull berries were assessed 
in the post-harvest attribute analysis per plot. An average of individual berry weights was taken 
in grams from 25 marketable berries per plant. 
 Fruit from primocanes was harvested into clamshells once a week for five weeks (mid-
July-September) in 2019 and seven weeks (mid-July-September) in 2020. Harvest began in the 
mornings between 6-7AM before fruit weight harvest. This harvest focused on collecting berries 
for post-harvest 7-day cold storage (6 °C), where only shiny, fully ripe marketable blackberries 
with no damage were selected for three 14.54 g clamshells for marketable weights in kilograms 
per plot and post-harvest marketability analysis per plot. 
 
Physical Berry Attribute Analysis  
At one harvest per week for ten weeks in 2019 and seven weeks in 2020, five primocane 
berries from marketable yield from each ‘Prime-Ark® Traveler’ plot per trellis were measured 
for firmness, size, and weight.  
Berry firmness: Berries were individually evaluated for firmness (Texture Technologies 




placing an individual blackberry horizontally on a flat surface using a cylindrical and plane probe 
of 7.6 cm diameter at a rate of 2 mm/s with a trigger force of 0.02 N. Force to compress the 
blackberry was measured in Newtons (N). 
Berry size: Berries were individually measured for length (mm) and width (mm) with a 
digital Mitutoyo caliper (MSC Industrial Supply Inc., Melville, NY). 
Berry weight: Berries were individually weighed (g) on an AND EK-300i scale 
(Hogentogler, Columbia, MD). 
 
Berry Composition Attribute Analysis  
The juice from ten undamaged and fully ripe primocane berries harvested once per week 
(ten weeks in 2019 and seven weeks in 2020) per plot per trellis were measured for composition 
(soluble solids, pH, and titratable acidity). Whole berries were frozen (-10 °C) at harvest, 
thawed, and squeezed to extract the juice for analysis.  
Soluble solids: Soluble solids (expressed as percent) of the blackberry juice was 
measured using an Atago Pocket Refractometer (Cole-Parmer, Vernon Hills, IL).  
Titratable acidity and pH: The titratable acidity (TA) and pH of the blackberry juice 
were measured using the Titrino plus 862 compact titrosampler (Metrohm AG, Herisan, 
Switzerland) with the electrode standardized to pH 4.00, 7.00, and 10.00 buffers. Titratable 
acidity was determined using approximately 6 g of juice diluted with 50 mL deionized, degassed 
water with titration using 0.1 N sodium hydroxide to an endpoint of pH 8.2. Titratable acidity 






Post-harvest Berry Attribute Analysis   
Post-harvest attributes (drupelet/berry damage and marketability) of primocane 
blackberries per plot per trellis were evaluated. The drupelet/berry attributes (white drupe, 
anthracnose, rain damage, stink bug damage, and spotted wing drosophila (SWD) (Drosophila 
suzukii) infestations) were assessed at harvest, and the marketability attributes (weight loss, 
leakage, softening, decay, and red drupe reversion) were evaluated after seven days storage at 6 
°C.   
Drupelet/berry damage: During two weekly harvests each season for eleven weeks 
(mid-July-September) in 2019 and nine weeks (mid-July-September) in 2020, 10 cull (damaged) 
berries per plot per trellis were assessed for white drupe, anthracnose, rain damage, and stink bug 
damage using a 0 to >6 rating scale based on the number of drupelets affected with a rating of 
“0” indicating no affected drupelets, “1” to “5” corresponding to the number of drupelets 
affected on a fruit, and “>6” indicating a fruit with six or more affected drupelets (McWhirt et 
al., 2019). SWD egg laying in fruit was assessed as percent fruit infested (percent of fruit with ≥1 
SWD egg present) and as average number of SWD eggs found per berry as counted on 15 
marketable berries and 15 cull berries for the ‘Prime-Ark® Traveler’ cultivar per trellis. Each 
berry was placed under the Accu-Scope microscope (Accu-Scope Inc., Commack, NY) to count 
SWD eggs in berry drupelets. If there were less than thirty berries for a cultivar, it was recorded 
as missing data.  
 
Post-harvest Berry Marketability 
Marketability attributes of primocane berries held for seven days at 6 °C were assessed 




hand-harvested directly into three clamshells (14.54 g per clamshell) (FormTex Plastic Corp, 
Houston, TX) per plot per trellis and were immediately placed in a cooler in the field. Clamshells 
were taken inside for analysis. The initial weight of the fruit in the clamshell was recorded. After 
seven days at 6 °C, the clamshells were re-weighed to calculate as the percent weight loss of all 
blackberries in the clamshell. Each berry in the clamshell was counted and fruit assessed for 
leakage, softness, decay, and red drupe reversion. 
Weight loss: The weight loss of fruit in the clamshell was calculated as the weight 
decrease of total blackberries in the clamshell expressed as precent. 
Leakage: For leakage, each berry was rolled on a paper towel where it leaves red spots if 
the berry is leaking. Leakage of the berries in the clamshell was calculated as the number of 
leaking fruit divided by the total number of fruit in the clamshell and expressed as percent.  
Softness: Softness was assessed by gently pressing the berry with the thumb and index 
finger to determine a loss of fruit turgor. Softening of the berries in the clamshell was calculated 
as the number of softening fruit divided by the total number of fruit in the clamshell and 
expressed as percent. 
Decay: Symptoms of decay included wilted drupelets (aged drupelets with lost firmness 
and quality), anthracnose, insect damage, and rain damage. The total decay of the berries in the 
clamshell was calculated as the number of fruit exhibiting symptoms of decay divided by the 
total number of fruit in the clamshell and expressed as percent.  
Red drupe reversion: Red drupe reversion was recorded for each berry in the clamshell 
using the same rating scale (0->6 affected drupelets) as described previously for white drupe, 





Statistical Design   
The primocane blackberries were planted in a factorial design with two trellis treatments 
(RCA trellis and T-trellis) and the Prime-Ark® Traveler cultivar. For each trellis system, there 
were three replicate plots of the cultivar for a total of 6 plots (3 plots with 18 plants on the RCA 
and 3 plots with 12 plants on the T-trellis). This trial was conducted over two harvest seasons for 
a total of 18 primocane harvests in 2019 and 2020.  
For each trellis treatment, assessments of cane morphology (flower and berry counts) 
from three lateral canes (proximal, middle, distal) from a main cane of each plant per plot were 
collected in late June-early July during the primocane flowering seasons for 2019 and 2020. 
 For each trellis treatment, assessments on marketable yield per plant, marketable yield 
per m, cull yield per plot, and an average berry weight per plot were collected twice per week for 
eleven weeks (mid-July-September) in 2019 and nine weeks (mid-July-September) in 2020. Data 
collected for marketable yield and cull over multiple harvest dates in each year were summed per 
plot (3 replicate plots for each trellis treatment) to calculate season long totals. 
Primocane Physical Attribute Analysis: For each trellis treatment, five marketable 
primocane berries were collected per plot once a week for ten primocane harvests in 2019 and 
seven primocane harvests in 2020 for assessments on berry firmness, size and weight. In 2019, 
there was 1 sample (5 berries) per each plot (6 plots) for both the 2019 and 2020 primocane 
seasons. First and last harvest dates varied across years.  
Primocane Composition Attribute Analysis: For each trellis treatment, ten marketable 
primocane berries were collected per plot once a week for ten primocane harvests in 2019 and 




acidity, and pH. There was 1 sample (10 berries) per each plot (6 plots) for both the 2019 and 
2020 primocane seasons. 
Primocane Post-harvest Attribute Analysis: For each trellis treatment, ten primocane 
berries were collected from cull harvest per plot once a week for 18 primocane harvests in 2019 
and in 2020 for assessments on white drupe, anthracnose, rain damage, and stink bug damage. 
SWD berry infestations were assessed for ‘Prime-Ark® Traveler’ as one sample per trellis (6 
samples) once a week for seven weeks in 2019 and nine weeks in 2020.  
Primocane Post-harvest Marketability: For each trellis treatment, marketable 
primocane berries from ‘Prime-Ark® Traveler’ were collected in triplicate 14.54 g clamshells 
per plot once a week for five weeks in 2019 and seven weeks in 2020 for assessments on 7-day 
post-harvest berry weight loss, leakage, decay, softness, and red drupe reversion.  
 
Statistical Analysis  
Statistical analyses were conducted using JMP® (version 15.0; SAS Institute, Cary, NC) 
and SAS glimmix (version 9.4; SAS Institute, Cary, NC). Least significant means comparisons 
were used to determine main factors (trellis effect). Student-T tests were used to compare means 
for significant differences (p < 0.05). Differences in treatment effects between years were 
significant for several response variables, and so years were analyzed separately. Figures were 
created with each standard error bar constructed using 1 standard error from the mean. 
 
Results and Discussion 
Our results demonstrate that RCA trellising has variable impacts on primocane 




quality and composition. The impacts of trellis on ‘Prime-Ark® Traveler’ measured at harvest 
and post-harvest response varied across the two years of evaluation, likely due to differences in 
timing of primocane tipping and weather. 
 
Temperature, Relative Humidity, and Rainfall 
The 2019 season was cooler, more humid, and had higher rainfall than the 2020 season 
(Table 1). For both years, June was cooler than July. Total rainfall was highest overall in 2019, 
with June 2019 being wetter than the average 3.65 cm rainfall typically observed for central AR 
in June) (NWS, 2020). August 2019 was warmer with more humidity, but less rainfall compared 
to August 2020. Rainfall for July and August for both years were similar (Table 1). 
In general, primocane-fruiting cultivars perform well in moderate climates (specifically 
California) with daily high temperatures of 25 to 30 °C, whereas Arkansas’s hotter summer 
temperatures may result in lower primocane yields (Clark and Salgado, 2016; Segantini et al., 
2018). In Arkansas, primocane-fruiting cultivars begin to flower and fruit on the primocane crop 
in mid-summer when average daily high temperatures range from 32 to 40 °C (Segantini et al., 
2018), in our study maximum temperatures ranged between 28 °C and 32 °C for both years in 
Clarksville, AR. Total rainfall was highest overall in 2019, with June 2019 being the wettest 
(Table 1).  
 
Flower & Berry Counts   
 In 2019, trellis only impacted distal lateral berry number, where T-trellis had more distal 
lateral primocane berries compared to distal laterals on the RCA (Table 2). RCA distal laterals 




poor pollination, and primocane death at the tips from fire blight/spur blight confirmed in 2019. 
There was no effect of trellis on proximal, middle, or distal lateral flower number, nor an effect 
of proximal and middle berry number in 2019 (Table 2). In 2020, trellis only impacted distal 
lateral primocane flowers where RCA distal laterals had more flowers compared to distal laterals 
on the T-trellis (Table 2). In 2020, the delayed primocane tipping on the T-trellis resulted in 
lower flower numbers during the time flower counts were being recorded. It has been found that 
delayed soft-tipping decreases the number of lateral branching along with flower and berry 
number (Strik et al., 2012; Thompson et al., 2009), which is evident in our 2020 results (Table 
2). There was no effect of trellis on proximal or middle lateral flower number, nor an effect of 
proximal, middle, and distal lateral berry number (Table 2).  
 
Yield per Plant 
 There was no trellis effect of primocane marketable yield per plant in 2019 but yield per 
plant was affected by trellis in 2020 with the RCA yielding three times more than that of the T-
trellis (Table 3). Due to delayed summer tipping of primocanes on the T-trellis in 2020, there 
was a delay in lateral branching and lower flower and berry number which resulted in a 
significant difference between primocane yield of the RCA and T-trellis (Table 2 and 3). This 
was also evident in Strik et al.’s study (2012) where yield was reduced after inflorescence 
occurred on main primocane tips. In 2019, primocanes were first tipped on ‘Prime-Ark® 
Traveler’ in the T-trellis on May 7, where in 2020 primocanes were tipped on June 17. 
September 11, 2020 was our confirmed date to stop primocane yield data but yield at that time 
was still increasing on the T-trellis. A study conducted done on tipped and untipped primocanes 




were delayed two weeks (Strik et al., 2012), and Drake and Clark (2003) found that tipping canes 
had no impact on harvest season. Their tipping treatment occurred in early June of their first year 
of study and tipped in mid-late June their second year (Strik et al, 2012). Other variables 
including hail damage, confirmed fire blight and spur blight from 2019, plant age difference, and 
high summer heat from both years might have contributed to varying yields between both trellis 
treatments.  
 
Yield per Row Meter 
In 2019, primocane marketable yield per m was affected by trellis, where yield per m was 
higher on the T-trellis (0.64 kg) compared to the RCA (1.99 kg) (Table 3). As mentioned in the 
flower and berry numbers (Table 2), RCA primocanes flowered early that stopped main 
primocane growth resulting in delayed flower blooms and possible decreasing yield. In addition, 
it has been found that soft-tipping primocanes increases canopy density and may reduce yield 
(Cortell and Strik, 1997; Swartz et al., 1984), but this was not evident on the T-trellis in 2019 
even with closer plant spacing. Lower yield per m on the RCA may have been influenced by the 
plant spacing. It is recommended to have plants spaced at least 1.52 m apart on the RCA to allow 
horizontal cane retention, however the removed distal portions of canes from fire blight resulted 
in decreased lateral number per m of row and more empty space on the RCA trellis. Spreading 
out laterals along the single plane of the long-arm as well as spacing plants closer together was 








 There was no trellis effect on primocane cull (%) in either year (Table 3). Cull yield is the 
unmarketable yield, where berries with white drupe, anthracnose, rain damage (assessed in 
2020), insect damage, poor drupelet fill from poor pollination or high heat (Clark and Salgado, 
2016), or any other poor quality were collected as cull yield. In our results for both years, 
anthracnose, rain damage, stink bug damage, and spotted wing drosophila infestations were not 
affected by trellis, which may have corresponded to no trellising effects on cull yield. And 
although white drupe occurred more in the RCA compared to the T-trellis in 2020, trellising still 
had no effect on cull yield.  
 
Average Berry Weight 
For 2019 and 2020, trellis impacted average primocane berry weight, where RCA 
primocane berries had higher average berry weight for both years (6.23 g, 6.32 g respectively) 
compared to the T-trellis (5.00 g, 5.23 g) (Table 3). In California, berry weight of ‘Prime-Ark® 
Traveler’ primocane berries averaged 6.4 g in 2012, 7.7 g in 2013, and 7.6 g in 2014 grown on a 
T-trellis (Clark and Salgado, 2016), which is slightly higher than our results for primocane 
berries grown on the RCA in 2019 and 2020 in Arkansas. In Arkansas, previous studies found 
that primocanes berries grown on a T-trellis averaged 4.7 g to 7.3 g (Segantini et al., 2018), 
which is also in the average range of our results of primocane berries grown on a RCA and T-
trellis in Arkansas. Although it has been found that timing of primocane soft-tipping influences 
berry weight (Strik et al., 2012), soft-tipping varied at different times between the RCA and T-
trellis in both years. However, primocane berry weight was still higher in the RCA compared to 




the primocane fruiting laterals was more associated to heavier berries in both years (Palmer et 
al., 1987). 
 
Berry Surface Temperatures 
There was no trellis effect for morning or afternoon primocane berry surface 
temperatures detected in 2019, or morning berry surface temperatures in 2020 (Table 4). 
However, in 2020, trellis affected primocane berry surface temperatures in the afternoon, where 
primocane berries were warmer on the RCA (31.8 °C) than primocane berries on the T-trellis 
(29.5 °C) (Table 4). In general, previous work found that surface temperatures of floricane 
berries grown on an RCA trellis orientated east to west with berries facing the north tend to be 
cooler due to increased foliar shading (Takeda et al., 2013). However, primocane berries are 
located on the short-arm south side of the RCA trellis and are more exposed to UV compared to 
T-trellis primocane berries that are more shaded by adjacent floricane foliage. Warmer air 
temperatures in 2020 could have influenced increased berry surface temperatures of primocane 
berries in the afternoons (Table 1 and 4). 
 
Berry Firmness 
Primocane berry firmness (N) was not impacted by trellis for both 2019 and 2020 (Table 
5). However, for both years primocane berries on the RCA were numerically firmer compared to 
primocane berries on the T-trellis (Table 5). Previous studies on primocane-fruiting cultivars 
show that ‘Prime-Ark® Traveler’ primocane berries are already more firm compared to 
primocane berries from other primocane-fruiting cultivars (Segantini et al., 2018). Even with 




and higher afternoon berry temperatures detected in 2020, berry firmness was still not impacted 
by trellis in either year (Table 5).  
 
Berry Width, Length, and Berry Weight 
For 2019, trellis impacted primocane berry width and length, where width and length 
were higher on RCA berries (23.76 mm, 26.81 mm respectively) compared to T-trellis berries 
(22.11 mm, 24.56 mm) (Table 5). In 2019, berry weight was also higher on the RCA (7.24 g) 
compared to the T-trellis (5.92 g). In 2020, there was no effect of trellis on any measure of berry 
size. This may be due to the hotter temperatures detected in 2020, where floral sensitivity and 
berry size can be affected by hotter temperatures (Stanton et al., 2007). Previous studies have 
also concluded that berry size and weight can vary among cultivars and years for both floricane 
and primocane-fruiting cultivars (Segantini et al., 2018). Additionally, our study has shown that 
the RCA trellis can increase floricane berry size (McWhirt et al., 2019), in addition to primocane 
berry size for 2019 (Table 5). 
 
Berry Composition Attributes at Harvest 
In 2019, there was only a trellis effect on primocane berry soluble solids, where T-trellis 
primocane berries had higher soluble solids than RCA primocane berries (Table 5). Palmer et al. 
(1987) concluded that more light interception could increase percent soluble solids in 
blackberries, however the increased light exposure on RCA primocane berries located on the 
south side of trellis would be predicted to have lower soluble solids. Soluble solids on the T-
trellis may have been influenced more by increased secondary metabolite activity during post-




Foliar canopies on the T-trellis were also dense in 2019, in which sunlight on more leaves could 
have increased photosynthetic sugar content of the plant to increase berry soluble solids. 
Although temperatures were warmer in July and August (Table 1) and berry surface 
temperatures in the afternoon were warmer on RCA primocane berries in 2020 (Table 4), soluble 
solids were not affected by trellis in 2020. For 2019 and 2020, trellis did not effect primocane 
berry titratable acidity (TA) or pH (Table 5).  
 
Post-harvest Berry Attribute Analysis   
In 2020, there was a trellis effect on white drupe of primocane berries, where white drupe 
was more severe on RCA primocane berries (0.27) compared to T-trellis primocane berries 
(0.11) (Table 6). Due to cane positioning of primocanes on the south side short-arm of the RCA 
trellis, primocane berries had less foliar shading and were more exposed to high UV, where we 
observed higher afternoon berry temperatures and incidences of white drupe in 2020 (Table 4 
and 6). RCA primocane berries were also noted to have minimal foliar protection compared to 
berries on the T-trellis for both years. Takeda et al. (2013) emphasizes the benefits of having 
RCA rows orientated east to west, where floricane berries would face the north and have more 
shading but growing a primocane-fruiting cultivar on the RCA where fruiting primocanes are 
positioned on the south side may lead to poor primocane fruit quality from higher UV exposure. 
It has also been concluded that any shading on blackberries will minimize white drupe 
occurrence (Stafne et al., 2017). However, the more open canopy of the RCA did not impact 
occurrence of disease or insect damage for primocane fruit, where we found no trellis effect on 
rates of anthracnose, rain damage, or insect pressure impacted in either year. Spotted wing 




populations may have reduced in the hotter months of July and August where temperatures 
exceeded 21.1 °C, which may be why we did not see trellis impacts on SWD berry infestations in 
either year (Table 6). However, during the floricane season in the previous months of June when 
temperatures were closer to 21.1 °C (Table 1), SWD were more active and impacted floricane 
fruit specifically on T-trellis (Henderson et al., 2020). 
 
Post-harvest Berry Marketability 
In 2020, there was only a trellis effect for post-harvest primocane berry weight loss, 
where T-trellis primocane berries had higher weight loss than RCA berries (Table 7), and in 
2019, there was only a trellis effect for post-harvest primocane berry leakage, where leakage was 
higher on the T-trellis berries compared to the RCA berries (Table 7). Other post-harvest 
measures such as berry softening, decay, and red drupe reversion were not impacted by trellis in 
either year (Table 7). These results point to some effect of RCA trellising on reducing primocane 
fruit quality loss in storage even for fruit that were not protected from direct sunlight on the 
RCA. Rainfall and temperatures for the months of July and August were similar in both years 
(Table 1), and so climatic conditions may not have contributed to the variable post-harvest 
quality results. Higher berry temperatures in the afternoon in 2020 on RCA berries was not 
related to observed higher post-harvest weight loss, and instead post-harvest weight loss was 
higher on T-trellis berries. Also, since there were no impacts of trellising on pest or disease there 
is no clear explanation for these shifts in quality, other than to hypothesize that some aspect of 






 Growing primocane-fruiting cultivars on a RCA trellis in the Southeast United States 
may have some limitations due to the positioning of primocane laterals bearing fruit on the south 
side of the trellis, where primocane fruit are more exposed to UV light compared to adjacent 
floricane production on the north side of the trellis with more shade. ‘Prime-Ark® Traveler’ 
primocane production on the RCA compared to the T-trellis varied for both years, where most 
primocane yield components such as flower and berry number were minimally impacted by 
trellis. Primocane yield per plant was higher on the RCA compared to the T-trellis in 2020, 
where a delay in tipping on T-trellis primocanes resulted in lower yield per plant. Yield per m 
was notably higher on the T-trellis due to closer spacing between plants in 2019, however the 
delay in tipping on the T-trellis and heavy removal of distal portions of fire blight-infected 
primocanes on the RCA compensated yield per m in 2020 with no difference between the trellis 
systems. Other factors including hail damage on RCA plants in 2020, differences in plant age on 
RCA plants, and differences in flowering times in possible high heat stress/cane management 
might have been contributing factors for varying yield and yield components between both years 
in the RCA. However, physical berry attributes of ‘Prime-Ark® Traveler’ primocane berries on 
the RCA increased in width, length, and weight in 2019. Due to primocane positioning on the 
south side short-arm of the RCA, primocane berries were more exposed to ultraviolet (UV) light 
which led to warmer afternoon berry surface temperatures and higher incidences of white drupe 
in 2020. Primocane berry compositional qualities such as TA and pH and post-harvest attributes 
such as softening, decay, or red drupe reversion were not affected by trellis treatments, but the 
RCA did reduce primocane berry weight loss in 2020 and leakage in 2019. With high heat stress 




the RCA may develop some unmarketable fruit quality such as white drupe, but our study also 
demonstrates the overall success of physical, some post-harvest berry attributes and some yield 
attributes of primocane-fruiting cultivars grown on the RCA. 
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Chapter 4 Tables 
 
 
Table 1. Means of maximum and minimum temperature, relative humidity, and total rainfall for 



















June 28.8 18.7 80.05 19.25
July 30.8 21.0 80.04 8.31
August 31.4 22.0 79.96 8.79
June 30.0 19.8 75.38 3.94
July 32.0 22.2 80.76 11.81






Table 2. Main and interaction effects of trellis of total proximal, middle, and distal lateral flower 
and berry counts per plant of the 'Prime-Ark® Traveler' cultivar on the rotating cross-arm (RCA) 
trellis and a T-trellis at Clarksville, AR in 2019 and 2020. 
 
 
ᶻAverage of total number (no.) of proximal, middle, and distal lateral flowers and berries per 
plant (6 plants per plot RCA, 4 plants per plot T-trellis). 
ʸMeans with different letters for each attribute within effects are significantly different (p < 0.05) 

























RCA 28 31 29 24 24 14 bʸ
T-trellis 38 43 39 39 39 35 a
P value 0.3361 0.2338 0.3958 0.1501 0.1174 0.0080
Trellis 
RCA 42 42 46 a 34 39 27
T-trellis 27 24 20 b 20 25 22






Table 3. Main and interaction effects of trellis on total marketable yield per plant (kg), 
marketable yield per row meter (yield per m) (kg), cull (%), and average berry weight (g) of the 
'Prime-Ark® Traveler' blackberry cultivar on the rotating cross-arm (RCA) trellis and a T-trellis 




ᶻMarketable yield per plant weighed in kilograms (6 plants per plot RCA, 4 plants per plot T-
trellis) twice a week. 
ʸMarketable yield per row meter (yield per m) weighed in kilograms (assessed as yield per m 
spacing between each plant in 2019 and assessed as yield per plant canopy (m) 2020 for the RCA 
and T-trellis). 
ˣCull (unmarketable) percent from harvest per plot twice a week.  
ʷAverage of individual berry weights weighed in grams from 25 marketable berries per plot 
twice a week. 
ᵛMeans with different letters for each attribute within effects are significantly different (p < 0.05) 











per m (kg)ʸ Cull (%)ˣ Berry weight (g)ʷ
Trellis
RCA 0.98 0.64 bᵛ 24.07 6.23 a
T-trellis 1.68 1.99 a 29.12 5.00 b
P value 0.0513 0.0008 0.1183 0.0001
Trellis
RCA 1.27 a 0.83 32.30 6.32 a
T-trellis 0.48 b 0.63 30.53 5.23 b






Table 4. Main and interaction effects of trellis of morning and afternoon berry surface 
temperatures on 'Prime-Ark® Traveler' primocane berries on the rotating cross-arm (RCA) trellis 





ᶻMorning berry surface temperatures taken in between 7-8AM, averaged from 6 berries 
per plot.  
ʸAfternoon berry surface temperatures taken between 1-2PM, averaged from 6 berries per plot. 
ˣMeans with different letters for each attribute within effects are significantly different (p < 0.05) 















P value 0.3742 0.1918
Trellis
RCA 21.8 31.8 aˣ
T-trellis 22.0 29.5 b






Table 5. Main and interaction effects of trellis on physical and compositional attributes of 
'Prime-Ark® Traveler' primocane berries on the rotating cross-arm (RCA) trellis and a T-trellis 
at Clarksville, AR in 2019 and 2020. 
 
 
ᶻFirmness (N) is the compression force of an individual berry, averaged from 5 fresh, marketable 
berries per plot once a week.  
ʸWidth (mm) is the width across an individual berry, averaged from 5 fresh, marketable berries 
per plot once a week.  
ˣLength (mm) is the length from stem tip to bottom tip on an individual berry, averaged from 5 
fresh, marketable berries per plot once a week.  
ʷWeight (g) is the weight of an individual berry, averaged from 5 fresh, marketable berries per 
plot once a week.   
ᵛSoluble solids from 1-2 drops of juice expressed as % brix, averaged from 10 frozen berry juice 
samples per plot collected once a week.  
ᵘTitratable acidity in approximately 6 g of juice mixed with 50 mL of degassed de-ionized water 
expressed as a percentage of citric acid, averaged from 10 frozen berry juice samples per plot 
collected once a week.  
ᵗpH of approximately 6 g of juice mixed with 50 mL of degassed de-ionized water, averaged 
from 10 frozen berry juice samples per plot collected once a week.  
sMeans with different letters for each attribute within effects are significantly different (p < 0.05) 



























RCA 7.7108 23.76 aˢ 26.81 a 7.24 a 10.5 b 0.500 3.65
T-trellis 6.7669 22.11 b 24.56 b 5.92 b 12.0 a 0.544 3.63
P value 0.0675 <0.0001 0.0050 0.0005 <0.0001 0.1738 0.7561
Trellis
RCA 8.3063 20.70 26.14 6.69 11.1 0.569 3.55
T-trellis 8.1048 21.24 24.95 5.96 10.8 0.676 3.42






Table 6. Main and interaction effects of trellis of post-harvest attributes of white drupe, 
anthracnose, rain damage, stink bug damage, average number of SWD eggs per berry, and 
spotted wing drosophila (SWD) berry infestation (%) of 'Prime-Ark® Traveler' primocane 




ᶻPrimocane berry white drupe, anthracnose, rain damage (assessed in 2020), and stink bug 
damage ratings calculated as number of drupelets affected from a scale (0->6 affected drupelets) 
at harvest, averaged from 10 cull berries per plot twice a week.  
ʸAverage number of spotted wing drosophila (SWD) eggs per berry (no.) assessed from 15 
marketable berries and 15 cull berries from the RCA and T-trellis once a week.  
ˣNumber of berries with ≥1 SWD egg calculated as percent of total berries assessed from 15 
marketable berries and 15 cull berries from the RCA and T-trellis once a week.  
ʷMeans with different letters for each attribute within effects are significantly different (p < 0.05) 























RCA 0.31 0.41 . 1.06 0.016 16.57
T-trellis 0.19 0.26 . 0.62 0.028 31.67
P value 0.2716 0.1270 . 0.0590 0.2432 0.1485
Trellis
RCA 0.27 aʷ 1.00 0.61 0.63 0.009 14.50
T-trellis 0.11 b 1.29 0.45 0.53 0.014 18.80






Table 7. Main and interaction effects of trellis of 7-day post-harvest weight loss, leakage, 
softening, decay, and red drupe reversion of 'Prime-Ark® Traveler' primocane berries on the 
rotating cross-arm (RCA) trellis and a T-trellis at Clarksville, AR in 2019 and 2020. 
 
 
ᶻWeight loss, leakage, softening, and decay calculated as percent of berries affected after 7 days 
cold storage, averaged from berries in 3 full, half-pint clamshells per plot once a week.  
ʸRed drupe reversion calculated as ratings of drupelets affected from a ratings scale (0->6 
affected drupelets) after 7 days cold storage, averaged from berries in 3 full, half-pint clamshells 
per plot once a week.  
ˣMeans with different letters for each attribute within effects are significantly different (p < 0.05) 

















RCA 8.23 13.59 bˣ 40.54 43.54 4.77
T-trellis 7.59 25.70 a 35.30 39.74 6.90
P value 0.0725 0.0021 0.3572 0.3511 0.2157
Trellis
RCA 7.79 b 23.09 36.43 38.65 6.53
T-trellis 9.21 a 16.52 32.02 36.84 9.12











Fig. 1. Representation of the factorial design plot layout with two trellis treatments (RCA trellis 
and T-trellis) and three blackberry cultivars (Osage, Ouachita, and Prime-Ark® Traveler) at the 







































































































 Biotic and abiotic challenges in the Southeast United States make it difficult for 
Southeastern fresh-market blackberry growers to produce high quality fruit and high yields for 
fresh-market or commercial production, even with standard trellising methods. An innovative 
trellis system, the rotating cross-arm (RCA) trellis, has become of interest to growers for its 
ability to enhance blackberry yield and fruit quality. Our trial aimed to evaluate the RCA trellis 
in the Southeast to evaluate three Arkansas blackberry cultivars (Osage, Ouachita, and Prime-
Ark® Traveler) compared to a standard T-trellis. 
Our results show that due to the unique primocane-training methods of the RCA, some 
attributes of blackberry floricane plant morphology such as cane lengths, flower and berry 
numbers were enhanced in some cases for the cultivars Osage and Ouachita when compared to 
these cultivars grown on the T-trellis. This ultimately led to an increase in yield per plant, with 
‘Ouachita’ having the highest yield per plant on the RCA trellis over the two years. Primocane 
yield per plant from ‘Prime-Ark® Traveler’ on the T-trellis resulted significantly low in 2020 
due to delayed tipping. Floricane and primocane yield per m was similar or less in some cases for 
certain cultivars on the RCA compared to the T-trellis and based on our observations we have 
hypothesized that spacing plants closer together on the RCA may optimize floricane and 
primocane yield per m. Yield per m helps determine the economic viability of trellis cost with 
factors such as the spacing of plants, labor costs, and yield return potential. 
The canopy structure of canes on the RCA also led to increased shading of floricane fruit 
that resulted in improved marketability attributes such as berry size and weight for both years, in 
addition to alleviating some post-harvest unmarketability such as fruit weight loss, leakage, and 




anthracnose were also minimized on the RCA in 2020. Primocane berries were positioned on the 
south side of the trellis and less shaded, leading to higher white drupe on primocane berries in 
the hotter summer of 2020. However, primocane berry size and weight were also improved in 
2019, and post-harvest attributes such as weight loss and leakage were improved and most 
significantly evident in some years. For both years, spotted wing drosophila (SWD) infestations 
were lower on RCA floricane berries, a significant benefit of this trellis system. This result may 
be due to reduced habitat for SWD in the RCA in the narrow canopy. Other berry attributes such 
as firmness for floricane and primocane berries was not improved by trellis in either year. 
Additionally, floricane white drupe occurrence was not affected by trellising for either year, and 
this may be related to the lack of difference in berry temperature between the RCA and T-trellis 
despite fruit being more shaded on the north side of the RCA trellis. 
Overall, the performance of the three eastern thornless blackberry cultivars grown on the 
RCA trellis proved that the trellis has potential to increase per plant blackberry yields in the 
Southeast United States, and to improve some measures of fruit quality that may be negatively 
impacted by southeastern climatic conditions. 
